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MID INFRARED POLARIZED LIGHT SCATTERING
Applications for the Remote Detection

of Chemical and Biological Contaminations

1. INTRODUCTION

The work reported here originated with earlier measurements of bi-directional reflec-
tance. 1 Those experiments measured the depolarized infrared reflectance component (a

* multiple-scattering effect referred to as volume reflectance) from contaminated soil, sand and
other terrains and manufactured samples over the discrete energies of a grating-tunable CO 2
laser. We suspected the depolarized radiance to originate within the subsurface volume of the
scattering substrate,2 and be selectively absorbed by the interstitial liquid contaminant coat-
ings when tuned through the analyte's IR resonance absorption frequencies. Consequently,
the detected depolarized radiation component would have been transmitted through the
liquid coatings and attenuated in exponential proportion to the product of coating thickness
and absorption coefficient. Thus, the volume reflectance signals on resonance frequencies of
the analyte can be related to film thickness of the contamination layers. (Separating the depo-
larized component reduces the problem to transmission of radiance from extended source, i.e.
below the irradiation zone and through the contaminant layer.) We thus sought from the
separated depolarized radiance a means to detect with finite probability (and certainly not
uniquely) the presence of liquid contaminations on terrain, and approximate thickness of the
coating layers through a set of differential volume reflectance measurements.

Our conclusion from analysis of these measurements was not encouraging. The minor
depolarized IR scattering component (about 10% of the total scattering power) from agent
simulant wetted soil and sand samples did not qualitatively reveal absorption by the contam-
inant at concentrations that would have proven fatal to life had it been an actual chemical
agent. Furthermore, once absorption was detected at the highest concentrations, this method
of detection could not singularly characterize the contaminant. It is unlikely that separate con-
taminants with different toxicity but overlapping extinction energies could be resolved
through analysis of CO2 laser reflectance spectra alone - be it in total reflectance or its
separated coherent and incoherent components.

New concepts were necessary, and in 1985 experimental and theoretical research pro-
grams were started on developing a phase-sensitive infrared scattering solution of chemical
and biological warfare (CBW) agent detection problems. This new technology was certain to
improve detection thresholds and provide quantitative information on physical and geometri-
cal properties of the scatterer - with interstitial contamination layers!! (We are developing
techniques to use the rich phase information in the scattering EM waves that present
reflectance-based systems, i.e., DISC/DIAL, do not or cannot measure.)

In the theoretical program, quantum chemistry codes are used to predict energies and
absorption strengths of the contaminants at the molecular level. These infrared spectral inten-
sities are converted into refractive indices that are accessed by a Full Wave electromagnetic
wave scattering model used to predict the scatterer's 4X4 Mueller matrix. The Mueller matrix
is a complete optical characterization of the scatterer, and is computed at beam excitation
energies and backscattering angles that can best contrast a contaminant (referred to as the
chemical analyte with an IR absorption moiety) from all other scatterers (background). In the
experimental program, we are developing three ellipsometer sensors for production of a data
base of Mueller elements representing scattering by aerosols and by liquid coatings spread
across various surfaces. With guidance from a valid theoretical scattering model, the ellip-
someter sensors can be made to operate at beam energies and backscatter angles that produce
sets of Mueller elements that are susceptible to the contaminant and only that contaminant.
The set of independent elements most sensitive to the analyte(s) are inputs to an algorithm
designed to identify it, or establish non-presence.
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The purpose, then, of this work is to characterize contaminated surfaces in toto through
their Mueller matrix signatures, interpret these data elements, discern targeted contaminant
information immediately (near real-time alarm), and quantify the threat target mass concen-
tration (map). The analyte compounds of interest include chiral sugars and other enantiomers
that preferentially absorb right- and left-circularly polarized light, and thus simulate Vibra-
tional Circular Dichroism (VCD) in more complex biological structures. Background (inter-
ferent) materials of interest include manufactured and terrestrial (scattering) interferent sur-
faces such as soil, sand, concrete, asphalt, and treated metallics commonly used in militar)
hardware. Other analytes we wish to target for identification are the chemical agent simulant
class of phosphonated hydrocarbons and other liquids that exhibit at least one strong resonant
IR vibrational normal mode.

Presented in Section 2 are fundamental definitions of photopolarimetry on which the
ellipsometer is based. In Section 3, the types of measurements to be conducted and the
important experimental parameters are discussed. In Section 4, the ellipsometer and its theory
of operation is presented, and in Section 5, a Full-Wave light scattering model for rough sur-
face scattering is introduced, currently under development at the University of Nebraska in
collaboration with CRDEC. In this same section, three quantum chemistry software packages
are briefly reviewed. These ab initio models predict least-energy group configurations in the
analyte molecules, and their corresponding absorption spectrum. We will merge quantum
molecular codes with the Full Wave polarized EM wave scattering code, so that a comprehen-
sive model can be used to predict linear and circular birefringence; VCD, depolarization, and
other polarization dependent scattering phenomena.

The integrated Full Wave scattering and quantum molecular codes will be tested
through a systematic set of experiments and if found valid guide the development of a field
ellipsometer sensor capable of multi-target detections, by simulating the entire experiment
under various field scenarios. These simulations of Mueller backscattering elements will direct
us toward optimizing those parameters most crucial in development of a prototype version of
the 9-channel analog laboratory phase sensitive detection system (first generation, Section 4),
a digital data acquisition system counterpart (second generation, Section 6.2), and neural net-
work (third generation, Section 6.4). In Section 6 and the concluding Section 7, present
development status of the experimental ellipsometer systems is updated, methods of
advanced digital data acquisition and processing techniques are suggested for a future detec-
tion module of the ellipsometer, the structure of an initial data base is outlined, and a brief
discussion on our initial work with neural network computing is addressed.

2. KEY DEFINITIONS USED IN PHOTOPOLARIMETRY

References 3 through 7 cover in some detail the definitions and conventions used in
ellipsometry. Among these, Shurcliff's book4 describes polarized light best at the introduc-
tory level, and includes useful Mueller matrices for standard birefringent and polarizing optics
that make up these ellipsometer instruments. The standard texts by van de Hulst8 , Bohren
and Huffman9 are frequently referenced sources for Mie and Rayleigh scattering by arbitrary
particles. Moreover, Section 5 is reserved for a brief but more focused theoretical treatment of
the Mueller elements related to scattering by dielectric and metal surfaces of varied roughness
(changing heights and slopes), a subject we later concentrate on for this detection problem.

-2-



We begin our discussion by defining aStokes vector and Mueller matrix: a column vec-
tor representing total and partially-polarized states of propagating electromagnetic laser radi-
ation, and a matrix that transforms these states due to reflection, transmission, scattering, or
absorption events. They represent the fundamental operational principles of the ellipsometer
instruments. Notation of J.D. Jackson1" in defining the Stokes parameter is used throughout
this work. We also choose f symbols for Mueller matrix elements of the scattering sample, as
denoted by R.C. Thompson, J.R. Bottiger and E.S. Fry.11

2.1 Stokes Vector.
The Stokes vector is a four-element column matrix that represents a beam of total or

partially-polarized light. Consider a homogeneous plane wave propagating in a direction of
the vector k ,

E = (E1 1 + E2 2 ei( ' - t) (1)

where the complex electric field amplitudes, El and E2, have amplitude (a) and phase (8).

E1 m ate ia' , E2 m a2 eial (2)

Elements of the Stokes column matrix are defined in terms of the coordinate basis vec-
tors i, and i 2 as:

,s <I El 2> + < I 2 El 2>

S 2 <2Re(i • E)(,. E)>s3, <2m (il • E)('2 • E)> I

<a,2>+ <a2>

<2al a2 cOs(82 - 81 )> (3)
<2aI a2 sin(82 - 81 )>

" A linearly-polarized beam that is multiply scattered from terrestrial surfaces will has a depolarized
component in the M.1 The Stokes calculus is necessary when predicting these transformations.
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Brackets < > denote time-averaged values. Notice that so is an additive intensity term
and suggests total scattering power, while positive (negative) s, suggests a majority of hor-
izontal (vertical) linear polarization. Both s2 and s3 contain phase difference terms, and can
suggest + (clockwise) or - (counter clockwise) handedness of elliptical EM waves. As an illus-
tration, consider the Stokes parameters for three polarization states: (a) unpolarized- , (b) hor-
izontal linear and (c) right circular. For case (a), by definition of unpolarized light,
< I il " E 1 2> = < I i 2 E 1 2> , and S3 = S4 = 0, since both sine and cosine terms average to
zero independently of the amplitudes aI and a2. When dividing all parameters by so, the nor-
malized Stokes vector for unpolarized light becomes (1,0,0,0). For case (b),
81 = 82, a 2 M 0, i2 .E = 0 , and therefore the normalized Stokes vector for linearly polarized

light in the horizontal direction is (1,1,0,0). For the final case (c), 81 Mj-, a, -- a2, and

therefore the normalized Stokes vector for right circular polarized light is (1,0,0,1).
The Stokes vector of the incident beam and the scattered radiance, collected from the

irradiation zone in some small solid angle from the sample, changes continuously and period-
ically when operated on by the ellipsometer's transmitter and receiver photoelastic modula-
tion (PEM) optics, respectively. The following Table 1 lists a selection of six states generated
by specific retardation amplitudes in the PEMs, and swept periodically at 33.980 KHz
(transmitter) and 31.896 KHz (receiver) transducer frequencies, rates at which the PEM's
octagonal ZnSe crystal are stressed-then-relaxed. We later make reference to this table when
the topics of system matrices and diagnostics of MCT detector signal are discussed.

Table 1. Normalized Stokes vectors for six polarization states.

HORIZONTAL VERTICAL +450 450 RIGHT LEFT
LINEAR LINEAR LINEAR LINEAR CIRCULAR CIRCULAR

1 -1 0 0, O0
0 0 1 -1, 00
10, 01 0, 1 -1

2.2 Mueller Matrix.

The polarization state of an electromagnetic wave is generally altered by reflection,
transmission, scattering and/or absorption processes. The scattering phase and amplitude
information represented by the Mueller matrix depends on the physical properties of the
interactive medium and its geometry or topographic detail. A transformation of the incident
beam Stokes vector after its backscattered interaction with a material boundary into a new
vector defines the Mueller system matrix operator.

" Unpolarized light implies nonpreferential electric field directional properties, i.e., the total electric
field vector is equally probable of lying in any orientation in the scattering plane over the time in which a
measurement is made.
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The Mueller Matrix Transforms the Input Stokes Polarization State Vector.

j ,k (4)

In Equation (4), sk are Stokes vector components of the incident beam, and sa are resul-
tant components after beam - medium interaction. That transformation is given by f*, a 4x4
operator whose elements represent a complete geometrical and physical description of a
linear medium interacted by the beam - it is the Mueller matrix. (The non-linear phenomena
of stimulated Raman and Brillouin scattering, second harmonic generation, etc., cannot be
interpreted by a linear operator. The medium may require a tensor description of permittivity
and (for magnetic materials) permeability. However, the electric field intensity required to
produce such effects is far beyond the incident irradiations by these ellipsometer probe
beams.) In Figure 1, we graphically illustrate the beam scattering geometry. The Mueller
matrix field and a few of its elemental interpretations are schematized in Figure 2.
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In the following Table 2, Mueller matrices of the scattering sample (denoted F, the sur-
face and subsurface contaminant layers are embedded in F) and optical components of the
ellipsometer design are presented. The matrix elements of reflection, retardation, and polari-
zation optics are used in latter sections of this work when all Mueller elements of the contam-
inated sample are correlated to primary and combination PEM modulator frequencies in the
instrument's Fourier transformed MCT detector signal intensity spectrum.

Table 2. The Mueller matrices of individual optic components making up the 2-

modulator, mid infrared IR ellipsometer systems. fij are matrix elements of the

scattering sample, a and P are amplitude ratios of reflected-to-incident electric field

components for light polarized parallel and perpendicular to the plane of incidence,

respectively, 0" is the reflection induced phase shift between these two components,

0 is the polar (tilt) angle resulting from goniometer rotation, So and W are peak retar-

dance and frequency generated by the ZnSe phase modulators, respectively.

MUELLER MATRICES OF THE EXPERIMENTAL SYSTEM

Scattering Sample

21 f 1 f14
f ~ f2123 f24

Goniometer

Mirror Rotation operator

a2+P2 a 2 "-P2  o 0 1 0 0 0

1 a 2-P
2 a 2+p 2  0 0 0cos 20 sin 200

2 0 0 -2acosr 2al sinr 0-sin20 cos20

Linear Polarizr

Horizontl(Verticsl) +(-)45 Degrees

(-1 1 00 10 o 0 0
+(-)+1100 00 00

2 0 000 2 )1l0 10~
0 000, 00 00J

Photoelastic Modulators

Verticml(Horizontal) +(-)45 Degrees
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3. EXPERIMENTAL APPROACH

In addition to Reference 11, the works of WilliamsU2, Roseler13 and Vorburger et al.14
seem relevant to this specific detection problem. Williams describes depolarization, cross
polarization, and changes in ellipticity through rough surface scattering signatures by a Poin-
care sphere representation, while Roseler introduces a Fourier transform spectrometer formal-
ism to yield a spectroscopic IR phase matrix measurement. Vorburger et al., discuss the ellip-
sometric parameters *I and A for various textured surfaces, presenting data at 0.6328 pRm and
0.5461 pLm. They conclude that topographical roughness is a major random error source for
inversion methods that map * and A parameters to physical properties of the scatterer. This is
a major concern if polarized scattering can be successfully applied to the IR remote sensing
problem: for a quantitative in situ infrared detection of amorphous or crystalline contam-
inants, its physical absorption property (where the imaginary part of its permittivity maxim-
izes) is its key identifier, and that information must manifest itself consistently in the suscep-
tible on/off resonance differential scattering Mueller elements. This issue is addressed again in
Section 5.

From our most recent literature search, we have located other visible single-frequency
bistatic photopolarimeter systems of one and four modulator design' 5 , with essentially the
same detector analog electronics as first reported by Kemp 16, and later Hunt and Huffman. 17

The work of Whitt and Ulaby's' 8 is also noted, reporting millimeter-wave polarimeter meas-
urements, as is van Zyl's 19 paper on radar polarization signatures from rough surfaces in the
backscattering plane.

We have not located in the open literature data published on mid IR Mueller matrix ele-
ments from rough surfaces of varied optical properties, e.g., the contaminated terrestrial
scenarios. The instruments we report here were designed especially for this application, and
provide an opportunity to acquire quantitative Mueller data elements, sensitive to perhaps
sub-micron layers of contaminant spread across a surface, and conduct the necessary near
real-time data processing and analysis that we hope will rapidly identify (alarm) and quantify
(map) chemical and biological warfare (CBW) agents dispersed onto terrestrial and manufac-
tured materials.

The eilipsometer remote sensors presented here consist of two photoelastic modulators
driven at frequencies offset by 2.06 KHz, one operating on the incident beam the other on col-
lected backscattered radiance. They are the Mueller matrix generators capable of optically
computing nine elements simultaneously and all sixteen in sequence according to orientations
of modulator-polarizer axes. One instrument will be used to analyze surfaces of a rigid and
generally continuous texture; a nonporous military painted panel for instance. A similar
laboratory instrument will analyze the natural soils and other granular porous surfaces
without mechanical disturbance to the scattering sample. This instrument requires a goniome-
ter optical device. A third instrument is intended for long-range field evaluation.

In conducting laboratory Mueller matrix measurements from soil and other granular-like
samples, in situ, an opto-mechanical goniometer arm was built and later integrated into one
ellipsometer optical design, between linear polarizing optics producing the system's initial
and final Stokes vectors. The goniometer introduces three mirror optics to the ellipsometer's
system matrix, a necessary but optically and computationally complex addition to the ellip-
someter system and its data analysis functions. As we progress toward later sections of this
work, the data analysis complications that arise as a result of the presence of these mirror
optics will be made more clear. Moreover, we later present both software and hardware
methods for compensating all goniometer mirror phase contributions so that the desired sam-
ple matrix elements is extracted from the detector system waveforms.
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The order in which the incident beam is transmitted and reflected by system optic com-
ponents, and scattered by the sample, defines the important system product matrix. Only in
the goniometer-type and field instruments do system (measured) elements need to be
transformed into sample elements (fii[X,1) by software and electronic decoding (fi1 [X,9],
Appendix I). These sample Mueller elements contain the important information on the
analyte that we seek in making detection judgements.

3.1 Radiation Wavelength, Backscattering Angle, and Analyte Mass Density
Dependencies of the Matrix Elements.

The experimental goal is production of a reliable data bank of Mueller matrix elements
that most contrast background (terrain) and chemical/biological contaminant (analyte). These
elements will be obtained as functions of wavelength of the probe beams; tuned specifically to
the analyte, angle in the backscattering plane of the incident beams, and mass of contaminant
deposited to the sample per unit area in the zone of beam exposure.

We reserve the latter Section 6.4 for a discussion of our starting data base structure and
its management.

3.1.1 Wavelength Selection of the Irradiating Probe Beams.
The Mueller matrix elements are to be measured alternately at CO. beam energies that

drive strong vibrational modes in the contaminant to be detected (sometimes referred to as
analytical wavelengths) and at an energy where no contaminant molecular excitation is pro-
duced (reference).

In addition to a standard C1201' laser source, isotopic carbon dioxide gases are part of
the gain fill in three other lasers of the ellipsometer transmitter. The isotope lasers are used
for purposes of extending the mid IR wavelength range in which the sample can be irradi-
ated, and to fill in wavelength gaps between P- and R-branch C1101' transitions (widen and
make more continuous the wavelength coverage). The beam wavelength selections (i.e., emis-
sions with enough power for measuring scattered radiance) range from 9.0 p.m at the R(40)
line 0001--020 band in the C"0s laser, to 12.08 p m at the P(44) line 00-O10P0 band of the
C11O1 6 laser. For example, consider detection of the liquid chemical agent simulant DIMP,
CH3PO(OCH(CH3)2)2 . Absorption band assignments of this analyte are two intense v (P-O-C)
vibrational modes at 10.169 pm and 9.884 pm, and a less intense P-CH3 rocking mode at
10.902 p m. Typically, three of four lasers will be tuned to wavelengths that align to peak
maximum in the vibrational bands (analytical wavelengths) of the target, while the fourth
laser is off-tuned to generate reference (background) Mueller data elements (Appendix I). The
full Mueller matrix 16-element field recorded between beams and those that possess suscepti-
ble behavior to the analyte (change abruptly during laser switching between resonance and
reference wavelengths) are singled out as detection candidates.

3.1.2 Angle to the Sample of the Incident Probe Beams.
Generally, standoff active sensors are monostatic backscattering systems where the

transmitter source and collection optical receiver are stationary and co-located as a unit. The
ellipsometer facility at CRDEC is also monostatic, measuring the Mueller elements in back-
scattering directions over all angles of incidence. To accommodate such measurements from
granular materials and surfaces of continuous texture, two separate ellipsometers were con-
structed and are schematized in Figures 4a-b. For the rigid surfaces, like painted metallics and
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pelletized substrates, the sample is positioned vertically and rotated along an axis perpendic-
ular to the plane of incidence defined by the incident beam at polar angles ranging from -890
to +890 (Figure 4b). For loose particles, like natural soil and sand, the sample lies undisturbed
in its horizontal position while a goniometer transceiver arm delivers the beam to the surface
over all polar angles in the upper hemisphere and directs backscattering to the MCT detector
(Figure 4a) by use of three flat mirrors, each positioned 450 to its incident beam. Thus, the
reference plane in which the Stokes vectors of transceived radiations are measures vary as the
goniometer arm rotates out of the reference plane - a complication this design presents in
data analysis. Introduction of these mirrors between linear polarizers producing incident- and
final-S:okes vectors of the ellipsometer design causes other complications. Matrix signatures
from. the sample must now be separated from those elements by the ellipsometer system.
The phase changes imparted by each goniometer mirror optic can be compensated for either
optically, or mathematically through a series of calibration experiments (Section 4.6.3, and
Appendix 1B).

A phenomenon of direct backscattering from optically rough surfaces is the so-called
opposition effect, which may have benefit for these backscattering ellipsometers as detection
instruments. The effect is predicted by Full Wave theory (see Section 6), and states that an
enhanced incoherent backscattering component of radiance results from scattering at a ran-
domly rough boundary interface. An experiment conducted by Mendez and O'Donnell"°

show results that tend to confirm this prediction. Bohren and Huffman 9 show that if the irra-
diated surface is modeled as a random array of identical dipole oscillators, then the total back-
scattering radiation field is generally incoherent and dependent on spacing between the
dipole radiators, unlike the forward scattering field that is totally in phase and independent of
separation between radiating particles. Since enhanced backscattering manifests itself as a
noncoherent component of scattering, it would appear, then, that a spatially integrated back-
scattering signal from randomly rough surfaces could vary dramatically in the scattering
phase signature (viz, fluctuations in the Mueller matrix backscattering 'picture' as the select
irradiation beam spatially scan a contaminated terrestrial surface.) Again, we emphasize that
a changing refractive index in the analyte between beams alternating on target resonance and
off target absorption resonance must be revealed in a reproducible manner for making a suc-
cessful, unique, physical detection.

3.1.3 Contaminant Deposition to the Sample.

Three common liquid simulants are chosen as initial detection targets: nonvolatile
dimethyl siloxane fluid SF96 (General Electric nomenclature), and the more volatile DMMP
and DIMP phosphonated organic compounds. Presented in Figure 3 are infrared imaginary
refractive indices of all three compounds, and listed in Table 4 are the compounds' strongest
mid IR extinction frequencies. (The imaginary part of refractive index is proportional to the
absorption coefficient of the medium. It can be obtained through Kramers-Kronig analysis of
either absorption or reflectance spectral' 21.)
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Figure 3. Spectra of the imaginary component of complex refractive index (absorption) in
volatile liquid chemical agent siinulants dimethyl methyl (DMMP) and diisopropyl methyl
(DIMP) phosphonates, and nonvolatile polydimethylsiloxane (SF96 - General Electric nomen-
clature). The dashed vertical lines are some of the allowed CO2 laser transitions where the
ellipsometer can probe. See Appendix I for a complete list of transition assignments and
nomenclature for these ellipsometer's beam sources.
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The relationship of applied mass contamination on a surface and the Mueller elements,
at angle-wavelength domains specific for detection of the contaminant, could yield useful
information to a trained signal processor for quantification of the analyte once detection is
established from an appropriate data bank.

This data bank of information can come from a set of experiments that sequential meas-
ure all Mueller elements from some scattering substrate when dry, then coated with increas-
ing quantities of the analyte. Consider a soil substrate as the background scatterer. First, all
sixteen matrix elements are measured from the unwetted soil sample and referenced as the
background matrix set of Mueller elements over a range of beam energies. Next, the soil is
contaminated by the analyte compound in low concentration and the elements are once again
measured, at beam energies specific to the analyte. The analyte-susceptible Mueller elements
are singled out for discriminant features, then the sample is re-wetted with additional analyte
solution and the matrix elements remeasured. Measurements continue to an analyte density
typically less than 20 gm cm "2. These kinds of controlled analyte dispersion experiments will
correlate a pattern in the analyte-susceptible Mueller elements from low to high analyte mass
c!ensity, with the uncontaminated elements serving as a refeience frame of background infor-
mation. The element data can subsequently be input to an appropriate decision making algo-
rithm (Appendix VI) that electronically filters background data and discerns the informational
content of the analyte-specific Mueller element signals, correlating their pattern to quantity of
analyte spread across/into the surface. In a typical data trial, contaminant mass densities of
2-20 gm m 2 are deposited in 2-5 gm m-2 increments.

Experiments for classifying biological contaminants spread across terrain and manufac-
tured surfaces through their Mueller matrix features are being discussed now. We feel some
control experiments must first be performed to first recognize whether resonant absorption by
these analytes can reveal a matrix signature in the absence of interferent scatterers. Initial
experiments would include measurements from aqueous suspensions of simulant organisms,
generated bioaerosols in a chamber, and liquid and crystalline compounds like sugars that
have known molecular symmetrizations exhibiting dichroism (e.g., vibrational circular
dichroism or VCD). If features of detection are clearly evident in differential Mueller element
data sets then the experiments are refined (i.e., concentrate on the optimum angle-
wavelength domains producing susceptible Mueller elements), redone with interferent scatter-
ing (an in situ contaminated surface scenario), then analyzed for the element features
separate from the terrain element signatures. The experiments would be extended to include
other disseminated specimens like sterile B. Anthracis, B. Cereus, B. Thuringiensis, E. Coli,
and fungus spores.

3.1.4 Time Dependence of Matrix Elements After Aerosol Ejection.

In the experimental program we monitor the susceptible Mueller elements after deposi-
tion of the contaminant. The expected temporal fluctuations in these Mueller elements could
conceivably sense diffusion and spread of contaminant across and into the substrate. Eva-
poration of the volatile liquid DMMP and DIMP analytes would also manifest temporal fluc-
tuations in these elements. Heat liberated by an absorbed beam energy will deplete the thin
volatile analyte surface coatings, thereby generating a contaminant vapor cloud above the irra-
diation zone. It is difficult to predict whether this vapor presence above the surface will cause
significant alterations in the ac (phase spectrum) scattering components. (Backscattering from
the vapor itself is insignificant, however, scattering from the terrain transmitting through the
vapor cloud may indeed be sensitive to some matrix elements.) Transmission of scattered
radiance through the vapor plume on analyte resonant wavelengths would have, however,
some attenuation effect on f 1, i.e., the dc component of the MCT signal, it being a measure
of scattering intensity.

-13-



Other changes in f, from volatile simulants, if indeed they are measurable, are likely to
result from changing scattering surface topography due to evaporation and diffusion of liquid
analyte layers or, in biological specimens, a changing morphology under exposure by an
absorbing beam.

4. THE ELLIPSOMETERS: THEORY OF OPERATION AND DESIGN
The CRDEC Mueller matrix ellipsometer (MME) systems are similar in optic and analog

data acquisition system designs to the facility reported in Reference 11. Our experimental sys-
tems are multi-laser and multi-infrared wavelength (9.0-12.1 p.m), monostatic backscattering,
and of a two modulator design; theirs a single-visible wavelength (0.6328 p.m), bistatic, four
modulator system. A disadvantage of these two-modulator systems is that only 9 of 16 matrix
elements can be simultaneously measured. It requires four sequential angular permutations
between each of this ellipsometer's linear polarizer-retarder optic units (Section 4.4) to com-
plete the measurement of the 16-element field. We found it necessary, for precision and
repeatable measurements, to stepper-motor control and computer automate all optic transla-
tion and rotation sequences. It follows, that computer data collection operations are synchro-
nous to indexing of the optics hardware.

Advantages of the two- verses four-modulator systems include less multiplicative error
in the modulation crystals due to: (a) imperfections in the crystal, (b) thermal distortion by
heating by the incident IR beam, (c) misalignments in optics, and (c) beam transmission offset
from the PEM crystalline axis. A less chance of mixing of the Mueller elements (i.e., overlap
of the Fourier intensities in the transformed scattergram) is realized because of the wider
separation between primary and overtone modulator frequencies. (The requirements imposed
on the phase-sensitive detector boards are less restrict because of the greater frequency
separation, and thus less chance of harmonic overlap, between Fourier signal components.)

4.1 Hardware of the Experimental System.
Figures 4a-c shows the ellipsometers' basic hardware components for three types of

experiments: (a) short range laboratory matrix element measurements from dry/wetted porous
granular materials (the soils and sands) left undisturbed; (b) short range laboratory matrix
measurements from surfaces of nonporous composition made to rotate over all backscattering
angles (the flat, continuous, and cohesive surfaces like painted metallic panels used in mili-
tary hardware); and (c) long range matrix measurements, where the beam is sent outside the
laboratory to target boards located down range at distances of 500 meters and more. (The
switching system of this system's transmitter is reviewed in Section 6.2.) All systems are
automated and computer controlled, including: laser switching, beam and sample positioning,
power regulation, goniometer and PEM-polarizer rotation; data acquisition, storage, and pro-
cessing. Wavelength selection and stabilization of the four laser systems is part of an initiali-
zation procedure, the only manual optics hands-on task required by the operator of these
instruments. (This may also be automated in future prototype systems if tunable laser sources
are required.)

The salient components of the ellipsometer system are now discussed.

-14-



-15-

M¢1"
-zy-GA P .P P l

MlT

(ci)

PEn

(b)

Figures 4a-b. The optical arrangement of ellipsometer systems for laboratory study of (a)
dry/wetted surfaces of a granular and porous texture, like terrestrial surfaces, undisturbed in a
natural flat position and (b) dry/wetted surfaces of a non-porous rigid texture. The com-
ponents of the ellipsometer instrument include: Probes 1-4, four mid infrared lasers with dis-
tinct CO 2 gain media (three are isotopic); S1-S4, shutters intercepting the four incident beams;
TS translation stage to direct the appropriate beam to the scattering sample; SM, stepper
motors providing accurate computer-controlled stage rotations and translations; SA, spectrum
analyser for determining beam wavelength; DCSM, dc servo motor for power regulation of
the incident beams; POL, linear polarizers; QWP, quarter-wave plate for production of
circularly-polarized radiation; PEM, photoelastic modulators; M1-M4, mirrors for reflecting
incident radiation 45P; G, goniometer beam transceiver arm; SS, rotary sample stage; L, focus-
ing lens to the MCT detector chip; PED, pyroelectric detector for monitoring the incident
beams; 8, a small deviation from the backscattering angle; and MCT, mercury-cadmium-
telluride detector of scattered radiations.
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4.1.1 Probe CO2 Lasers, Incident Beam Selection, Wavelength Monitor,
and Power Regulation.

Four sealed CO2 continuous-wave (cw) lasers make up the transmitter section of the
ellipsometers. Each laser is grating wavelength tunable, and contains piezoelectric circuitry
and feedback for mode-locking and beam amplitude and frequency stabilities. The gain
media of the four lasers are inert gases mixed with, respectively, nonisotopic C1O21 and iso-
topic C30 6, C1'4 021" and C 201 8 gases. Advantages of this four-laser configuration include:
(a) a wider wavelength range to probe the sample; (b) a greater selection of discrete
wavelengths to probe the surface, therefore, more continuous spectral coverage in the mid IR
region; and (c) rapid 4-wavelength matrix measurements without a need for retuning and res-
tabilization. Both (a) and (b), above, follow because vibrational-rotational excited states of the
more massive triatomic CO2 isotopes have shifted P- and R-branch transitions beyond
broadening of the C12 01 6 laser lines.

For the reader interested in CO 2 spectroscopy, we refer to Herzberg's 2 standard text.
For a description of the principal mechanisms and energy level assignments in CO2 lasers we
reference Tyte's 23 book. Listed in Appendix I are the allowed infrared emissions from all four
laser systems in these ellipsometer instruments.

Switching between the transmitter's four output beams (of unlike wavelength) is com-
puter controlled by shutter pulsing ($1-$4), and translation of various 900 mirror reflectors.
The four shutters of Figures 4a-b, one intercepting each laser beam, are open/dosed in
sequence with and synchronized to the position of three mirrors mounted on a bi-directional
translational stage. Either laser beam 1, 2, 3, or 4 traverse the ellipsometer's optical axis (to
the scattering sample) by the appropriate mirror position and shutter opening. Figure 4a sug-
gests that just before shutter S4 is switched open (S1-3 are dosed), translation stage TS posi-
tions to the left where the beam from laser 4 is centered on the outside stage mirror, reflected
900 twice, and sent to the sample. After completion of measurement of all 16 Mueller matrix
elements at this wavelength, S4 will close, TS will index to the right, S3 will open, and the
next Mueller element set is measured at this new wavelength. (It takes about 30-40 min tes
for measuring four spectral sets of 16 matrix elements. Thus, when switching from probe
laser 4 to probe laser 3, one has enough time to retune and stabilize laser 4 to a different
wavelength. This allows one to make multiple laser lines measurements without halting
experimental operations.) Future plans call for incorporating a rapid beam switching system
for producing near mse trains of 3- or 4-wavelength pulses in a next generation high-powered
frequency agile ellipsometer configuration (Section 6.2). This future field ellipsometer sensor
will contain electro-optic variable beam splitter devices, its lasers an order of magnitude more
powerful, and its optic collection aperture considerably larger (Figure 4c) via a Cassegrain (or
similar construction) telescope.

Optical spectrum analysers are used to visually display the wavelengths of each beam
sent to and scattered by the sample. This instrument (SA in Figures 4a-b) consists mainly of a
grating (blazed to diffract most efficiently within a certain band of laser transitions) that dif-
fracts a small power percentage of the incident beam to an order whose intensity is displayed
on a thermally sensitive florescent (via ultraviolet illumination) screen, darkening in a region
aligned to the angle of diffraction. Above the florescent screen, etched markings delineate
each CO 2 beam diffractive order to its P- or R-branch transition assignment and band. Two
spectrum analysers were used here to cover the extended wavelength range by the isotopic
laser emissions.
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In latter sections, we discuss the electronic circuit design that regulates power between
switching beams incident to the scattering sample. For now, however, notice the linear polar-
izer mounted to the dc servo-motor (DCSM) driven rotary stage in Figures 4a-b. Its function is
to regulate power of each incident beam to a fixed dc PED detector reference voltage, so that
operation in the linear region of the MCT detector is maintained (guard against saturation) for
all alternating beams incident to the scattering surface. A feedback loop between pyroelectric
detector PED and the DCSM accomplishes this regulation function.

4.1.2 Photoelastic Polarization Modulation.

Anti-reflection coated Zinc Selenide (ZnSe) octagonal windows are the active
birefringent optical elements that generate polarization modulation in incident laser beams
and their collected scattered radiances. These optics are the heart of the ellipsometer: they
generate the primary crystal oscillator frequencies and all combination overtones in the spec-
trum of the intensity waveform measured by the ellipsometer's MCT photoconductive detec-
tor. We refer to this complex waveform as the scattergram. It encodes the scatterer's Mueller
matrix elements. An oscillating birefringence along the crystal's extraordinary (fast) optical
axis is produced when resonant periodic compressions/relaxations are applied via a piezoelec-
tric quartz transducer bonded onto its opposite ends. The greater the applied strain along this
crystalline plane (within elastic limits), the greater the phase delay in the beams' EM wave
component traversing this fast axis, relative to the orthogonal ordinary (slow) field com-
ponent: along the axis where no phase delay is experienced by the wave during compression
and relaxation periods. The net effect: a coherent plane-polarized laser beam incident 45o to
the active ZnSe's optical axis (equal fast- and slow-axis EM wave components) becomes polar-
ization modulated (continuous change in Stokes vector with period 0-, v the transducer fre-
quency) as components recombine on exiting the crystal.

In Figures 4a-c, stacked Ge-plate linear polarizers are positioned before and after the
transmitter and receiver PEM's, respectively. They define incident and final Stokes vectors.
Before the transmitter PEM, the polarizer has its transmission axis oriented 450 (to fast or
slow ZnSe axes) so that beam E-field wave components traversing vertical (fast, extraordi-
nary) and horizontal (slow, ordinary) to the PEM optical axis equate. Birefringence, by nature
of ZnSe's lattice structure, imparts a relative delay in phase of the wave component along the
crystal's optical extraordinary axis. The piezo-induced pressure along the ZnSe's cleaved ends
imparts a changing refractive index along this fast axis - applied strain is proportion to the
change of index along the crystal's extraordinary axis and the relative phase difference
between components. Vector addition of variably-delayed (fast axis) and unaffected (slow
axis) E-field components yields polarization-modulated at the transducer frequency in the
beam exiting the PEM. The incident beam modulation from linear to elliptical left- then right-
handedness and back to linear has a period of T,,m = v = 29.4L sec. In collected scattered
radiance, the modulation is 31.4 p. sec. The variable crystal strain is driven electronically in
the PEM's modulator control unit connected to an oscillator circuit located near the modulator
head connected to the transducer's bonded quartz plates.

The quarter-wave retardation limit in the ZnSe modulators extends to 19 pim, and its
dear aperture diameter is 55 mm (wavelength transmission range is 0.5-19 p.m). Compression
amplitudes in the crystal by the transducer are monitored by computer so that when switch-
ing between beams of different wavelength a peak retardation of 137.74 degrees (2.404 rad) is
always maintained (8o in Table 2) by the PEM control unit and oscillator circuit. We later
explain in Section 4.3 the importance of maintaining 60 - 2.404 rad between laser beams of
unlike wavelengths.
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Section 4.4 also shows how to interpret and decode the MCT detected scattergram, i.e.,
a one-to-one mapping assignments between the primary and overtone intensities in the
Fourier transformed scattergrams and the elements of the scattering Mueller matrix elements.

The ellipsometer's transmitter POL-PEM optic unit (Figures 4a-c) polarization-modulates
the incident beam Stokes vector at linear driving frequency Y, = 33.980 KHz, while the
instrument's receiver PEM-POL unit operates on collected scattered radiance with a modula-
tion frequency of v2 - 31.8% KHz. Together, transmitter and receiver PEM's produce the pri-
mary and harmonic combination overtones intensities (nW1±kW2 harmonics) in the Fourier-
transformed scattergrams (the MCT detector voltage waveform If). Modulator frequencies are
intentionally offset by 2.064 KHz to insure good separation between primary and overtone
frequency components in the scattergram's Fourier power spectrum. The frequencies:

1,2 , 2v, 2, V1 +v2, 2(vl-v 2), 2v1 ±:V2 , and vl+2v2, and the dc component map onto 9 of 16
Mueller elements simultaneously with no intermixing (see Sections 4.2 and 4.3).

4.1.3. The Goniometer Beam Transceiver Arm For In Situ Analyses of Porous

Wetted Surfaces.

As mentioned earlier, additional mirror optics were included in one laboratory ellipsom-
eter design so that measurements on porous and granular surfaces can be performed without
mechanically handling the scatterer. The goniometer device was fabricated by Mark Schlein
of CRDEC and its intended use was to replicate field Mueller matrix measurements in a
laboratory environment.

Dry and wetted soil and other terrestrials are analyzed in their normal horizontal posi-
tion by use of this 'scanning optical projection arm,' as the ejected contaminant naturally dif-
fuses into and spreads across the strata. The scattering in situ measurements is necessary for
determining a field feasibility of this technology: the Mueller elements data base by this ellip-
someter instrument must bring out properties characteristic of the analyte consistently, and
delineate it from scattering by background particles. A typical field scenario is terrain con-
taminated via an exploded agent round. A 'trained' ellipsometer sensor would probe the
suspected contaminated terrain at selective wavelengths and angles to reveal the targeted
contaminant's molecular vibrational properties (absorption, VCD, depolarization, etc.). An
additional algorithm in that sensor can be further trained to analyze the contaminants fate,
such as liquid analyte diffusion, its evaporation and reactivity with the substrate, a changing
morphology in crystalline biological compounds, and so on. The information basis to make
such analyzes is, again, the analyte-susceptible field of Mueller elements - implying a proper
selection of the sensor's incident beam angles and beam wavelengths. A set of systematic
experiments may identify patterns in the differential Mueller elements that maximize informa-
tion on the analyte and discern whether the environment effects its fate.

Since the ellipsometer is a backscattering instrument, the goniometer acts as a tran-
sceiver to deliver the beam to the surface, and collect backscattered radiation through some
small solid angle limited by the size of the smallest mirror mounted on its arm (its limiting
aperture), or some other limiting aperture in the receiver design. In these ellipsometers, the
clear aperture of the polarizer mounted to the receiver PEM is the limiting aperture. Consist-
ing of an anodized L-shaped aluminum arm with three IR mirrors mounted at 45" in three
corners (yielding three 900 reflections), the goniometer arm is rotated across the upper hemi-
sphere of the sample via a stepper motor rotary stage, computer driven and capable of frac-
tional angle resolution. Details of data acquisition relative to arm movement are provided in
Section 4.7.4.
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Pyroelectric (Incident Beam) and Photoconductive (Scattergram) Detectors.

Each laser emission line operates at a separate gain, yielding output beam powers from
the ellipsometer's laser sources ranging from 2 Watts or slightly less at the weakest P- or R-
branch wing transitions, to a maximum of 15 Watts at the 'hot' mid-branch transition. Gain in
the branch transitions are specified according to the grating design (blazed to yield high effi-
ciency for certain diffractive orders) in the laser cavity. (The grating is the back resonator optic
in the laser head.)

Regulation of intensity in beams incident to the scattering sample guards against MCT
detector saturation. The incident beam from each laser, vertical in polarization, is regulated
in power by a rotating linear polarizing optic in its path, whose transmission angle is con-
trolled by dosed-loop feedback. The electronic feedback in this loop is governed from a circuit
that draws its input from the (amplified) output of a pyroelectric detector (PED). That detec-
tor monitors a split incident-beam percentage of power (less than 1%) transmitted through the
regulation polarizer (Figure 4a-b). The current generated by the PED detector is converted into
a voltage, amplified, then compared to a fixed reference voltage that is set to correspond to
the maximum power of the weakest laser transition selected in the experimental trial. If vol-
tages of reference and PED output are unequal, then the comparator circuit balances it by
feedback to the dc servo motor that constantly adjusts the rotary stage on which the beam
power regulation polarizer optic is mounted. Since polarization of the incident beam entering
this polarizer is vertical, beam power exiting it (the polarizer is made of Ge stacked-plates
oriented at the Brewster angle) is governed by Malus' law: I, = I, cos 2O; where I. is incident
beam intensity, It is the exiting beam intensity, and 0(t) is the angle the polarizer's transmis-
sion axis makes with the vertical plane. (Angle 0(t) is under the control of the PED detector
output - feedback circuit loop. This circuit adjusts 0 between switched beams, and regulates
power for the duration of beam exposure.) Appendix IM illustrates the electronic circuits
governing power regulation in more detail.

A Laser Precision Corporation model RS-5900 PED radiometer is used in the power regu-
lation feedback circuitry. It works on the principle that when a photon is absorbed on its
Lithium Tantalate (LiNbO 3) photosensitive surface, its temperature rise causes a spontaneous
dipole moment increase (the product of induced charge and polarized separation distance in
the lattice) that is converted into a voltage. The electronics convert this voltage to beam power
(the detector is equipped with a 1.5 Hz chopper) density the company claims is traceable to
NIST standards. Sensitivity in the feedback loop from this detector output is expected to regu-
late incident beam power to one percent or better of the set reference voltage value.

Light scattered by the sample is detected by a liquid nitrogen cooled Mercury-
Cadmium-Telluride (MCT, Hgl. Cd, Te) photoconductive chip. Since throughput (a measure
of scattered laser power collected through the instrument's optical system over some solid
angle projected by the receiver MCT chip) is small in these ellipsometer systems, the high
detectivity of cryogenic MCT detection technology is required for acquiring scattergrams from
the irradiation zone with fast enough response time. (Scattering from most samples of
interest is near Lambertian, i.e., isotropic radiance. Also, rough dielectric surfaces are gen-
erally good absorbers of the IR beam energy, typical of most terrains.) The responsivity of
MCT detectors provide sub microsecond time constants, good enough resolution for capturing
the scattergram signal and making the Mueller mappings with r 10% error. The MCT detec-
tor response time allows accurate digital recording of the scattergram with satisfactory resolu-
tion for phase extractions. (The Fourier power spectrum of the scattergram must dearly
demarcates all PEM harmonics up to 100 KHz.)

MCT photoconductive detectors operate on a principle different from PED's. Scattered
photons from the sample strike the MCT semiconductor chip generating free carrier electron-
hole pairs producing changes in surface electrical resistance. liquid nitrogen cooling of the
chip's surface is required for reducing background noise and increasing detectivity of the

photon-induced electron-hole pairs. The ellipsometer's scattergram represents a changing sur-
face resistance of the semiconductor via intensity variation in the focused scattered beam
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radiance illuminating the chip. The varying surface resistivity is converted into a voltage
change (the scattergram) by applying a bias current through the MCT chip. Consequently, the
scattergram is preamplified and then sent to a variable gain (voltage controlled) amplifier, fil-
tered and digitized (Section 6.1), or distributed to the phase sensitive detection analog elec-
tronics (Section 4.5).

MCT specifications for the ellipsometer systems are: (1) a cutoff wavelength to at least
the maximum wavelength output of the C1101' laser; (2) a time constant small enough to cap-
ture, with good resolution, the real time transient waveform containing primary and harmonic
frequencies to 100 Iiz; and (3) a detectivity high enough so that, at grazing incident beam
angle, signal-to-noise ratio is greater than one. These are met or are exceeded by a MCT
detector we have purchased from EG&G Judson. That specific detector has the respective pro-
perties: 12.4 im; 0.5 pLsec; and 2.0-5.1 x 1010 cm Hz-SW- . Surface area of the MCT chip is 1
am2 , thus focusing/demagnifying the scattered radiance with lens L onto the detector chip is

required to increase intensity If to detectable levels in the scattergram.

4.2 Ellipsometer System and Sub-System Matrices.
Signal definition and fundamentals of data processing in these ellipsometer systems are

now discussed. Recall from Sections 2.1 and 2.2 the principals of Stokes vector and Mueller
matrix: the incident Stokes vector (si) is altered upon scattering (ef) interactions according to
the Mueller matrix (F) transformation. Consider the sequence of optical elements in the ellip-
someter system of Figure 4a, starting with the transmitter POL-PEM (the linear polarizer
mated to this PEM defines the initial Stokes vector components sj; j-0,1,2,3) and ending with
the receiver PEM-POL (the linear polarizer mated to this PEM defines the final Stokes vector
components sf.)

Each optical element positioned between POL's defining sif are dassified by their
separate Mueller matrix operator, and thus the transformed Stokes vector through the
goniometer-type ellipsometer system is given by:

sf = Fsi  (5)

F - PGM 4RMIM 2M3FM3M 2M]RGtPt (6a)

where subscripts t and r denote transmitter and receiver paths; P and G are matrices of polar-
izer and PEM optics, respectively; M1 , M2, and M3 are matrices of the flat 45 mirrors
mounted on the goniometer arm; F is the matrix of the scatterer, the unknown of primary
importance; and R is a goniometer rotation operator. The product of F matrices do not com-
mute, and must appear in proper order from transmitter through receiver optics.

Before proceeding, we should darify the function of R. Rotation operator R changes the
reference measurement plane in which the Stokes vectors are defined (c,,e2 in Equations 1-3).
In Figures 4a-c, the optic platform is the reference plane defining the basis unit vectors
il and ;2- If the goniometer arm is positioned at an angle other than ±90, the Stokes vector
becomes referenced in its new goniometer reference plane defined by the new basis unit vec-
tors i1',i2' (the plane defined by beam reflections by the three goniometer mirrors), rotated
from the old reference plane by polar angle 0. The R operator third from the end in Equation
6a transforms the Stokes vector from its old reference plane EiE 2 to the new goniometer
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reference plane. Therefore, M1o2, 3 and F (Table 2) are now referenced in this new frame. On
exiting the goniometer transceiver, scattered light is operated on by R again; forth matrix from
the left hand side of Equation 6a, which transforms the Stokes vector back to the old Ei, 2
reference frame. Positioning of R operators in Equation 6 must follow the precise entrance
and exit points of the goniometer transceiver.

A new matrix product is defined below, which we shall call the ellipsometer's system
matrix.

IF= MiRMIM2M 3FM 3M 2MR (6b)

P

By substituting Equation 6b into 6a, the sample matrix can now be rewritten as:

F - PrG,*GP,. (6c)

4.3 MCT Detector Waveform of Scattered Radiation.
We proceed in deriving a functional form of the MCT scattergram generated by the 2-

modulator ellipsometer systems of Figure 4a-c. Four optical permutations of each POL-PEM
pair are illustrated in Figure 5 as defined by Cases A, B, C and D.

Case A. Vertical -.450:+450 Vertical

In the notation used above, axes of polarizer and modulator optics in transmitter and
receiver paths of the ellipsometers are separated by a colon. The left part, Vertical -450,
denotes the receiver part of this instrument's POL-PEM unit, with polarizer (Vertical) transmis-
sion axis followed by its attached PEM retarder (fast) axis (- 45). The second entries, +450
Vertical to the right of the colon in Case A, denotes the transmitter section PEM-POL unit with
retarder axis (+450) to the left and attached polarizer axis (Vertical) to the right. Angles are
measured relative to the plane of the optics table (the reference plane), hence Vertical is 00 or
perpendicular to the optical platform, and +(-)45o is measured in the clockwise (counter clock-
wise) direction one-eighth revolution as viewing each PEM from the laser source.

Figure 5 illustrates four optic orientations in the ellipsometer. First consider the confi-
guration given by Case A. Polarizers mated to each modulator set the incident and final
Stokes vectors accordingly;

s9-10 , - . (7)
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MERURED MON DEGEMERATE
MATRIX ELEMEMTS

-45

CASE B P 4o - /1 /8 74

41 48 44

0 E 4

45

CASE C P P /33 4
0 E

-45

CASE D P ,P

4+45

Figure 5. The optical orientations of polarizer-modulator crystal axis producing the system
Mueller matrix elements, as measured from the ellipsometer's scattergram by the analog data
collection unit. Note that the Mueller element contributions by mirror M can be compensated
by rearrangement and insertion of an identical mirror. (See Section 4.6.3.)
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Substitution of Equations 7a, 6c, and the appropriate matrices of Table 2 into Equation 5,
then left-multiplication by sf results in the following expression for scattering intensity exiting
the receiver polarizer and incident to the MCT detector chip.

1 1-100~ 1 0 0 0 1
1 00 0 cos (60cosw2t) 0 +sin (8OcosW 2t)

0) 0 0001 0 0 1 0 J (8a)
0 0 0 0J 0  -sin (BocosW2t) 0 cos (8ocosW2t)

'4011 *12 13ID14)1 0 0 0 1 -100 1
/21 *22 *23 *24 0 cos(8ocoswat) 0 -sin (80cos oit) -1 1 0

*31 32 33 *34 10 0 1 0 0 00
14 42 *4 * , 0 +sin ( 0 cosw1t) 0 ws(B0cosW1 t) 0 00

- 10 (4ii - *l1Cos (BocosWt) - *14sin (BocosWot) - 02 1cos(8ocoso 2t) (8b)

+ 422c0S (80COSW2 t )COS (0COSwIt) + * 2 4CoS(0coSW2 t )sin (80coswit)

- i41sin (8ocosW 2t) + '142sin (80cosw2t )cos (B0cosWIt)

+ tI4Asin (BoCosW2t)sin (BoCosWt))

The maximum retardation amplitude along the modulator's fast axis is 80.The driving
resonance crystal frequencies in receiver and transmitter PEM's are, respectively, tw, and W2.
The 80 and a variables in arguments of the sine and cosine terms of Equation 8b can be
separated by substitution of the Bessel generating function24 :

eiam(at) = 10( 80) + 2iiJk(8 0 )coskt (9)
k-i

where Jk are Bessel functions of kh order, and i is the imaginary number VCi. Both PEM
transducers are set to yield 80-2.404 radians (in the arguments of the Bessel functions). This
nulls the zero order Bessel function: 10(2.404),0. The real and imaginary components of Equa-
tion 9 can now be expressed by the following infinite series expansions.
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Cos (80coswt)
2 -J2(8 0)COS 26)t + J4(60)COS 4kit - J6(80)cos 6wt + (10a)

si 8-w J1 (0O)COS Wt - J3(80)cos 3wt + J5(B0)cos 5w.t -(l)

By substituting Equations l0a-b into Equation 8b and factoring, the amplitude and fre-
quency components can be separated to yield the scattergrarn intensity waveform expansion

10 3 j (S0)coS(3U)2t )COS(3Wt - J 1(60)J3(80)COS(W 2t )COS(3ai) 11

101

- J1(80)J3(80)CoS(36a20 COS(W1t) I (B0)CoS(Uw2t ()co 1 )

- %~U3(80)I 4(SO)cOS(3i 2t )COS(4k~t) - J1(80)J4(8)CcoS(W2t )cos(4k~1t)

' 0,)j 3(B0)cos(3wi2t )cos(2w.)t) + 1(80)J2(60)cos(w2t )cos(2'Wlt )J4 2

+ U3(80)COS(30 2t) - JI(S0 )COS(W 2t )J'4 + %iU3(80)J4(&)COS(4ko2t )cos(3 alt)

- J2(80)J3(80)cos(2w2t )cos(3to1t) - J1(8(80 )AOXS(Ok2t )cos(w It )

+ J,(8 0)J2(80)COS(2W2t )cos(wlt )1'24 + %U4(6 0)COS(4a 2t )COS(4u~1t)

- 12(6 0)J4(80 )cos(2W2t COS(4Ot) - 2(80)J4(S0)cos(4k.a2t cos(2W~t)

+ 11 (80)COS(2Qw2t COS(2W 1 )22 UA(OXcos(w 2t) - J2(80)cos(2&)2t )J21

-U4(0O)cos(4,t) - 2(&0)COS(2W1 t )' 12 + U3(80)CO(3W t)

- J1(S0)cos(Wlt &1i'4 + *1

Equation 11 consists of a dc component which is always matrix element 4il and an
infinite number of overtones of the modulator driving frequencies that diminish in amplitude
as the order and product of higher-order Bessel function coefficients increase. We truncate the
series of Equation 11 for order k 2P3 (a good approximation of the scattergram given the S/N of
these instruments) and correlate the remaining nine strongest Fourier intensities one-to-one to
their respective Mueller system elements *+4 (in the coefficients of Equation 11). The
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transducer primary frequencies for each PEM were chosen as w, /2-n = 31.896 KHz in the
transmitter crystal, and W2 /2,r = 33.960 KHz in the receiver crystal. Furthermore, with these
choices of resonant PEM driving frequencies, spectral intensities in If are separated by a
minimum of 2.064 KHz. Thus, standard lock-in amplifiers can quickly detect and phase-
match each scattergram frequency component to its reference primary or strongest overtone
modulator frequency without interference from a neighboring harmonic.

The analog data acquisition system separately conducts the dc scattergram component
('¢1) to a separate analog-to-digital (A/D) converter channel in one unit module (Appendix
III). For the ac signals (elements other than *11), eight phase-sensitive detector circuit cards
are set to the reference modulator frequencies of Equation 8b. These lock-in amplifiers elec-
tronically multiply their respective reference modulator frequency and real-time scattergram
waveforms. The result is an analog output that represents the phase difference between scat-
tergram filtered to the frequency of a reference modulator waveform. The 8 ac Mueller data
channels are received simultaneously in another module of the acquisition unit, and all 9
channels are conducted to an A/D converter that strobes through each channel, recording its
output in an appropriate file of CPU memory.

In terms of -/ -, Equation 11, the most intense primary and overtone frequency com-
io *

ponents of the scattergram are:

.... + 0.270%P44cos (W2 -.W)t - 0.224%42cos (W2±-2w1 )t - 0.5204 41cOs (W2t) (12)
10

- 0.224%P24cos(2W2 ±tW 1)t + 0.186t2 2cos(2W2±2w1 )t + 0.431i 21COs(2W2 t)

+ 0.431* 12os (2wot) - 0.5204 4cos (Wt) + %hl

where cos(A ±B) - cos(A +B) + cos(A-B). The sign before each coefficient indicates a relative
ir-phase difference between elements, i.e., in Equation 12 qi24 and 442 are 1800 out of phase
with each other.

Case B. Vertical -45 0 :Vertical -450

After the six Mueller elements of Case A are measured as functions of backscattering
angle and wavelength, the ellipsometer rotates the receiver PEM-POL pair -450 (as viewed
from the laser source) producing the new orientation called Case B, Figure 5. The new
incident and scattering Stokes vectors are:

8i = to -1 , . if 0 (13)

Equation 11 is truncated for Bessel terms greater than 3 order. Recall that So - 2.404 rad. The law of
cosines was used in deriving Equation 12. as were these tabulated values: 1(0o) - 0.520, 12(o) - 0.431.
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Substituting matrices from Tables 1 and 2 produces the following analogous expression
to Equation 8.

10 i-10' (10 0 0 '
L.1(1°-10) 0 0 0 00 1 0 0 J 14a)
10 -1 0 1 0 0 cos (8ocosa 2t ) -sin (Socosw2t) k

00 00 0 0 +sin (BocosW2 t) os (Bocos 2t)

*i1 +12 I3 0 0 o 0 00 1 -100 1
I21 n *23 *24 0 c (bcoslt) 0 -sin (b8cosalt) -1 1001-1
*31 *32 *33 34 0 0 1 0 0 000 0

*4*42 443 *", +sin (80cos 1t) 0 cos(8ocos~t)J 0 000 0

.... + 0.270*44cos(W oW 1)t + 0.22442cos(w 2±2w)t - 0.520*41 cos(W2t) (14b)

+ 0. 2 2 4 /34cos(2'A2- W1)t + 0.186 32cos (2Uo2 -2wa1 )t + 0.431* 31Os (2wo2 t)

+ 0.431s 12vos (2wat) - 0.520414cos (wit) + *1

Notice that three new elements appear in the above expression: 4#31, 4132, and *34.

Case C. +45' Vertical:Vertical -450

By this time, 12 of 16 Mueller elements have been measured. The ellipsometer will now
send an index command to the motion controller, causing the transmitter POL-PEM to rotate
precisely +450 for producing Case C, Figure 5. Incident and scattered Stokes vectors become:

'= o o,1 = , (15)

and detector intensity is represented by the product of the following six matrices. (See Tables
I and 2.)

10 -10~ ~10 0 0
L0 -1 0 10 0 0 S(8ooszt) -sn ( 0osat) (16a)
..0 .11 10 0 0 0 01 S(0OWt)-Sn BC00 00 0 0 +sin (80 oS42t) Ws (cosO 2 t)
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*11i 4512 *134514 1 0 0 0 1010io [1
*421 t522 %P73 24 0 1 0 0 100001 01

0/31 t32 *45 4 0 0 cos (8oCOSWt) -sin(SocosW It) 1010 1
0/41 043 *44, 0 +sin (80coswIt) cos (80cosw It) 0000 1 0O

. ... + 0.2704 44cos( 2 - wI)t - 0.224 43os(w2 ±-2wI)t - 0.520f 41cos(W0t) (16b)

+ 0.224%034cos (2W2 -W1 )t - 0.186tP33cos (2W2±2wI)t + 0.4314531 os (2w2t)

- 0-431 13cos (2w 1t) - 0.520 14cos (w t) + '1,

Again, three of the nine Mueller matrix elements in the above expression are new map-
pings according to new polarizer and modulator optic orientations. They are:

4513, *5, and ,43.

Case D. +45o Vertical: +450 Vertical

By this time, 15 of 16 Mueller elements over angle and wavelength to the scattering
sample have been measured. The software module that controls the system's optical permuta-
tion of axes will now cause a +450 rotation of the receiver PEM-POL, producing the final Case
D in Figure 5. Incident and scattered Stokes vectors are now:

s i =Ih0 0 sf I - , (17)

and the detector intensity is represented by the product of these seven matrices. (Consult
Tables 1 and 2.)

1 1001l 0 0 0

L t 1(1 -10 0) -1 100 0 COS(SoCOSW2t ) 0 +sin(oCOS2t (18a)1Io  8 0 0 00[0 0 1 0

0 0 0 0 --sin (80cosW2t) 0 COs (BoCOSW 2t)

*411 *12 *13 *14 1 0 0 0 1010io 1i
*4214522 4234524 0 1 0 0 00001101

o432 4033 4 0 0 cs(6,coswIt) -sin ( 0cost) 1 01 J
*41 0/44, P 0 +sin ( 0coswaIt) COS (8oCOSW at )
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-... - 0.270*44cos (W2±l)t + 0.224qc43s (W2±2wj)t + 0.520N4100s (W2t) (18b)

+ 0.224 24 0s (2W2--Wl)t - 0.18623cos (2w2±2wj)t + 0.4314#21aos (2W2t)

- 0.43140il3 s (2w t) - 0.520%14cos (w1t) + *s1

The new and final 16th element in the above equation that completes the Mueller matrix
field of mappings is 4s23. It takes = 4 s for the transceiver POL-PEM optics to cycle through
Cases A-D per beam wavelength per backscattering angle.

In the ellipsometer configuration of Figure 4b, analysis of the sample scattergram is con-
siderably less complex than from that of configurations Figure 4a or Figure 4c. All M, and R
operators are now the unit matrix. The preceding equations still apply, except now the system
matrix is the sample matrix, i.e., j i- f ij, since only the scattering sample lies between
linear polarizers defining incident and final Stokes vectors. Sample matrix elements are
thereby directly obtained at Fourier intensities of the MCT detector If waveform.

4.4 Lock-in Detection Matrix of Primary and Overtone PEM Modulator Frequencies.
The discussion in the previous section on detector waveform production is summarized

here by inclusion of the important frequency matrix, assigning primary and overtones appear-
ing in the MCT intensities of Equations 12, 14b, 16b, and 18b to Mueller system matrix ele-
ments according to the four PEM-POL optic configurations cited as Case A through D.

Table 3 contains important information on the ellipsometer's sequence of electronic sig-
nal acquisitions. Computer automation at startup initializes the system to Case A in Figure 5.
All eight lock-in amplification channels in the analog detector unit (see Appendix III) plus two
dc channels (before and after automatic gain operation) are producing outputs that are digi-
tized and stored in CPU memory. These data files are preprocessed and organized into
Mueller element files with header blocks containing information on backscattering angles,
beam wavelengths, type scatterer, sample surface topography (mean squared heights and
slopes), type analyte, contaminant mass density, irradiation time, and other parameters that
depend on experiment measurement options.

Consider again the sequence of steps for data collection and storage. The ellipsometer
operation starts with measurements of the initial nine Mueller element channels of Case A. A
change of optical orientation produces Case B, and the system proceeds with measurements
of the next 3 nondegenerate matrix element channels. The A/D converter board recognizes
and activates these three channels corresponding to the new Mueller elements, and software
appropriately routes the data to three new files. Twelve of sixteen elements have now been
acquired and stored in memory. The six channels that are degenerate in Case B, i.e., the
duplicated Mueller elements collected from Case A, may be deactivated for efficient use of
CPU memory. (All channels are checked in calibration experiments to assure repeatability
between degenerate elements from one optical orientation to the next.) The computer next
sends an ANSI code to the controller and Case C is produced. Again, three of nine channels
contain nondegenerate elements and are active, bringing the number of acquired and stored
matrix elements to fifteen. The sixteenth element is acquired after the computer produces the
final configuration shown as Case D in Figure 5, viz, one nondegenerate element, one
required active channel for collection and storage of data. Therefore, for a complete Mueller
matrix measurement per independent experimental variable, the Amplitude and Phase Sensi-
tive Detector (APSD) activates its data channels in sequence 9:3:3:1 corresponding to optic
permutations labeled Cases A-D.
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Table 3. Lock-in frequencies for phase sensitive detection, and corresponding optical alignments
for measurement of the full Mueller matrix. Grouped in part (a) are the primary and major com-

bination frequency components of transmitter (wl) and receiver (wi) photoelastic modulator's

that map onto each Mueller matrix element from the scattergram's Fourier intensities. A

parenthetical number next to each frequency implies that component's relative strength com-

pared to component dc-I. The entries for each matrix element are a result of the orientations of
linear polarizer and modulator optical axes as grouped in part (b). (See Figure 5.)

SELECT PRIMARY MUELLER MATRIX LOCK-IN FREQUENCIES (KHz)

dc12 (43 0 (.

dc 2u1 (0.431) 0 wo (0.520)dc 2tal (0.431) 0 wI (0.520)
dc 0 2w1 (0.431) w, (0.520)
dc 0 2w, (0.431) w, (0.520)

*21 412 tP3 *'24

2(02 (0.431) 2w2-2w, (0.186) 0 (ol+2w2 (0.224)
0 0 0 0
0 0 0 0

2W2 (0.431) 0 2w2-2w 1 (0.186) w1+2W2 (0.224)

1031 *b32 * 33 *34

0 0 0 0
2w2 (0.431) 2w2-2w, (0.186) 0 o1 +2102 (0.224)
2W2 (0.431) 0 2w2-2w (0.186) wl+2w2 (0.224)

0 0 0 0

*41 *42 *43 *44

W2 (0.520) 2w1 +W2 (0.224) 0 W2 +W (0.270)
W2 (0.520) 2w1+W2 (0.224) 0 W2 +W1 (0.270)
w,2 (0.520) 0 2W1 +W2 (0.224) W2 +W1 (0.270)

W2 (0.520) 0 2w,+W2 (0.224) W2 +W1 (0.270)

(a)
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ANGLES RELATIVE TO REFERENCE PLANE NORMAL
TRANSMITIER RECEIVER

LINEAR PHASE PHASE LINEAR
POLARIZER MODULATOR MODULATOR POLARIZER

Vertical -450 +450 Vertical
Vertical -450 Vertical -45

+450 Vertical Vertical --45
+450 Vertical +450 Vertical

(b)

4.5 Analog Amplitude and Phase Sensitive Detection Electronics.
This section presents the assembly of electronic circuits and modules of the ellipsometer

analog data acquisition system. We denote the analog circuitry presented here as 'first genera-
tion.' Moreover, we now are pursuing development of 'second generation' real time digital
data acquisition systems (Section 6.1) that will be compared directly, regarding performance
and economy, to this 9-channel analog unit. Furthermore, we have already begun develop-
ment of a neural network architecture that will eventually interface to the analog port output
module, or the output connector of the digital acquisition unit (see Section 6.3). This is desig-
nated a 'third generation' phase sensitive detection.

The modular analog signal acquisition unit is now, however, in an advanced engineer-
ing stage and the first tested in all ellipsometer configurations. Figure 6 is a basic overlay of
how information in the scattergram is mapped into the Mueller elements, showing major fre-
quency synthesizer, APSD channels, and software matrix normalization interfaces. In Appen-
dix M, a more detailed electronic breakdown of the complete APSD unit is provided.

4.5.1 Mueller Matrix Acquisition: Theory of Operation.

The hardware of the analog detection system used to collect and separate various ampli-
tude and phase informations from the detector waveform (Section 4.3) will now be discussed.
In constructing a finite set of Mueller matrices, this detector processes the input waveform
with eight discrete modules. The basic function of these modules as a unit is to collect and
separate the pre-amplified MCT scattergram into nine discrete frequencies (Fable 3), and from
these generate a scalar (number) which corresponds to the cosine of the difference in phase
between these frequencies and the phase of nine respective reference frequencies derived
from the two photoelastic modulation oscillator circuits. These resulting scalars are accessed
via a RS-232C port that integrates signal processor and host computer mainframe.
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4.5.2 Reference Frequencies Generator, Mueller Elements Lock-in Amplifications.

The entire signal processing element of the analog Mueller matrix acquisition unit essen-
tially contains a signal reference generator and a signal comparator. The signal reference gen-
erator consists of Modules I, 11, and Ell (see Figure AII.7a). Module I accepts the transistor-
transistor logic (TL) frequencies wl, 2w and W2, 2W2 direct from the PEM oscillators, and
synthesizes four sinusoid waveforms (3.0-4.0 VJJ) each at a frequency and phase relative to
the trigger pulses from the corresponding mol ator. These four sinusoidal waveforms are
then multiplied by Module II to produce the overtones: wl+w 2 (65.86 KHz), w1+2W2 (97.75
KHz), 2w1+W2 (99.82 KHz), and 2w,-2W2 (4.13 KHz). The multiplier board of Module H
includes buffering and harmonic filter circuits for the four PEM sinusoid waveform inputs
from Module I. The output of Module I1 thus consists of eight sinusoid waveforms, 2 V,..,
including primary frequencies w, (33.% KHz), 2w1(67.92 KHz), W2(31.90 KI-Iz), 2W2 (63.79 KHz)
and the overtones (Table 3).

Note, that the four overtone product sinusoids consist of both sum and difference values
of the multiplied input primary frequencies. We have chosen the specific overtones indicated
in Table 3 because they correspond to the eight most intense Fourier amplitudes (greatest
signal-to-noise ratio among Mueller components) obtained from the detected scattergram.

Module III conditions the product waveforms (from Module 11) by selective bandpass
filtering of the desired overtone frequencies, and provides an adjustable phase shift to all
eight (primary plus overtones) reference waveforms. These reference waveforms can be
obtained through BNC connectors J36 - J43 (2.0-3.0 V FI at Z=50 fl) for calibration purposes.

Module IV (see Figure AIII.8) consists of the phase sensitive detector (PSD) boards. The
eight reference frequencies synthesized from Modules I-Ill are inputs to the individual PSD
circuit cards tuned for that frequency. The PSD circuits multiply (dot product) reference and
MCT detector waveforms. With reference (amplitude A) and MCT scattergram (amplitude B)
waveforms connect to the input channel of each PSD board, an analog dc output voltage is
produced with magnitude proportional to the cosine of the phase angle between input
waveforms and amplitude product: ABcos(O--Ob). All PSD outputs are buffered with gain
control potentiometers (R17 - R24) located on the unit's front panel, also for calibration pur-
poses. These buffered signals are externally available through eight 50fl BNC terminators U9 -

Jid"

4.5.3 Digitization of the APSD Outputs (Mueller Matrix Channels).

Module V (see Figure A111.8) of the analog phase sensitive detector unit consists of a
microprocessor controlled model ST701 Analog-to-Digital converter (ADC) manufactured by
DATEL, Incorporated. With a 12120 Intel compatible VME plug-in board, this unit is used as a
stand alone processing system that is accessible through the breadboard's RS232 serial link,
and controlled through commands issued by the host microvax computer. Among its other
tasks, the host computer strobes the ADC for acquisition of all nine analog APSD channels of
data synchronous to experimental variable(s), and options of measurements coded in the sys-
tem control software package (Appendix IV).
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4.5.4 Servo Loops for Variable MCT Gain Control and Incident Beam Power Regulation.

Module VI of the analog APSD consists of an automatic-gain-control (AGC) amplifier,
fabricated for this system by Analog Modules, Inc., that is connected directly to the
ellipsometer's MCT detector output port. The feedback function in the AGC amplifier con-
trols current through the detector's split dc load resistance, to maintain a constant pre-set dc
amplitude in the MCT output for all variations in the experimental parameters, including laser
wavelength and backscattering angle. As these independent variables are controlled by the
instrument's automation software, the AGC regulates the dc scattergram component, thereby
causes normalization of all ac matrix components. (Division of phase Mueller elements by the
dc element f 1. All elements except the dc element are bounded between +1 and -1.)

There is a provision in the AGC amplifier unit to measure the f 1 element before active
gain control with a separate low pass filter and amplification circuit. This data file, transferred
directly to CPU memory then permanently stored on hard disk, is required information when
converting between normalized and regular elements of the Mueller matrix. The following
Figure 7 is a schematic drawing of the basic ellipsometer optical system and MCT detector
with AGC circuit module. Figure AIII.11 (Appendix III) is a functional block diagram of an
AGC amplifier circuit built for this system by Analog Modules, Inc.

In Figure 7, connections A and B are resonance frequencies driving oscillating
birefringence in both transmitter and receiver PEM crystals: they are the phase reference
points of the retardations along the ZnSe extraordinary axis. Connection D contains (normal-
ized) phase information in the scattered beam radiance after AGC operation (the ac Mueller
matrix components ratioed by the f 1 element), and C contains the absolute magnitude of the
scattergram signal before loop control (i.e., the dc component without AGC operation). The
analog data acquisition system compares the phase of D to the reference phases A and B plus
its respective combination frequency components (see Section 4.5.2).

The AGC amplifier must not introduce any propagation delay or phase shift of its own
as signal strength varies. A beam chopper operating at a rate of - 100 Hz is used to produce
a dark time so that the detector offset voltage can be eliminated via a dosed loop. The ampli-
tude of the MCT signal will vary from 1 1±V to I mV, due to changes in beam wavelength and
backscatter angle experimental variables. The ac signals filtered by the lock-in circuit boards
are between frequencies I and 100 KHz. The Analog Modules automatic gain control amplif-
ier (Figure A111.11), has the following salient characteristics: (1) gain control from 60-100 dB,
1% or better regulation from 1 KHz to 200 KHz, noise < 25 p.V, frequency bandwidth 1 MHz
to < I KHz, an input impedance of 100M(5, and a t 15 VDC supply voltage.

Module VII is an incilent beam power regulation circuit. The split incident beam
pyroelectric detector output is monitored by the power regulation circuit, and compares this
value to a preset desired power reference. Depending on the comparison of these values, the
servo motor will rotate the axis of a linear polarizer through which the incident beam
transmits. Its function is to regulate the intensity of the beam incident to the scattering sam-
ple when switching between probe beams (course adjustment) and during irradiation (fine
regulation). The circuits of this module are given in Figures AIIl.12a-b.
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Figure 7. The elipsometer's optical system, detector, and gain-control modules.
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4.5.5 Stepper Motor Control of Optics Hardware, Switching Between Incident Beams,
PEM Peak Phase Retardation Selection Per Beam.

We call Module VIII the Serial Addressable Gateway (SAG) system of the analog APSD
(Figure AIII.13a). This module is a communications bus consisting of four RS-232C serial ports
and sixteen discrete 11O points. The SAG unit provides serial communications to each of the
stepper controllers that automate the experimental operation, and to the A/D board that digi-
tizes all data output channels. It also provides for eight control points used for shutter control
for switching between beams (Figure AfII.15a), and for maintaining constant 2.404 rad peak
modulator retardation in transmitter and receiver PEM's (Figure AIII.14) between switched
beams of unlike energies. This module allows bi-directional communications between the host
computer and associated devices it wishes to communicate with.

4.6 Alignment and Calibration.

Topics discussed in this section are optic and electronic alignment methods for correct
matrix file production and collection, and calibration procedures that transform measured
matrix elements collected by the ellipsometer system (this applies only to the goniometer-
based and field ellipsometers of Figures 4a and 4c) to the true surface-analyte sample Mueller
elements.

4.6.1 Alignment of Coupled Polarization Modulator and Linear Polarizer Axes.

Angle between the PEM's ZnSe principal (extraordinary) axis and mated linear polarizer
transmission axis must be precisely 450 to insure pure polarization-modulation in irradiation
beam and scattered radiance, thus maximum signal-to-noise ratios in the Fourier intensities
(primary and overtone modulator frequencies) of the scattergram If. The calibration experi-
ment for accomplishing precision alignment in PEM-polarizer axes is shown in Figure 8.

The quarter-wave plate optic QWP, Figure 8, converts the incident linearly polarized
beam to circular polarization. Consequently, rotation of POLl does not change beam inten-
sity transmitted through the PEM-POL unit when rotated to produce cases A-D. Each PEM-
POL unit consists of an IR linear polarizer (stacked Ge plates oriented at the Brewster angle)
attached to a micrometer-adjusted rotary stage RSM attached to a photoelastic modulator PEM
attached to a stepper-motor controlled rotary stage RSS. Linear polarizer POL2 produces, in
conjunction with the active POL-PEM unit, intensity modulation in the beam striking the
MCT photoconductive chip at the PEM transducer driving frequency (sine wave generator).
This modulated output is pre-amplified through an ac-coupled circuit (A) and sent to the
input channel of a lock-in amplifier (LIA). Reference frequency f 1, split from the transducer
oscillator driving the ZnSe crystal to resonant vibration (located in the PEM head), is sent to
the LIA's reference channel. The LIA electronically multiplies reference and detector
waveforms, viz, it produces an analog output that tracks the cosine of the phase difference
between reference and MCT sinusoids (bounded by ±-5V).
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Figure 8. Alignment of the ellipsometer's linear polarizer (POLl) -photoelastic modulator
(PDA) pairs. LIA, lock-in amplifier, D, electronic oscillation circuit driving the PEM at fre-
quency f 1; A, MCT detector amplifier; QWP, quarter-wave plate; RSM, precision rotary stage
coupling POLI and PEM; SM, stepper motor; RSS, stage for rotating the POL1-PEM pair; and
MCT, liquid nitrogen cooled HgCdTe infrared photoconductive detector.
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When aligning the optics between POLl and PEM axes, the micrometer on RSM is
turned until a null output is displayed on the LIA meter: the PEM retarder and POLl
transmission axes are now co-aligned. Two nulls will occur per 2wr POLl revolution. It is good
practice to rotate POLl several times to insure that these nulls appear exactly 1800 apart. An
alignment precision of about 5 arc minutes between nulls is possible with this particular
design.

Now that the polarizer transmission and modulator fast axes are co-aligned, rotation of
POLl (course then fine turning of RSM) exactly 450 puts the PEM-POL units into final align-
ment. A precision 5 arc minutes or better is possible, given the precision rotary stage RSM
employed here. This alignment can also be performed more directly by rotating POLl until a
maximum output is displayed by the LIA. However, we find that locating nulls in the LIA's
analog meter is a more accurate measurement technique, compared to seeking a maximum
deflection during rotation of POLL. (Aignment error goes as the cosine of the offset angle
between PEM-POL axes.)

4.6.2 Amplitude and Phase Adjustments of the Detector's Nine Element Channels
to Transmission Optics of Known Mueller Matrix.

Calibration of the ellipsometer instruments can be performed routinely before and after
experimental trials through measurements of spectral intensities in the scattergram (Equations
12, 14b, 16b, and 18b) by the CO2 beam transmitting three optic calibrators: (a) linear polar-
izer, (b) quarter waveplate, and (c) combination polarizer-waveplate and waveplate-polarizer;
inserted between transmitter and receiver POL-PEM units. The measured Mueller matrix ele-
ments of the calibrator (Figure 9) are matched to its known elements by proper phase and
gain adjustment of each of nine PSD boards designated Module IV of the analog acquisition
system. (The phase per channel of the 15 ac elements are adjusted to match the known cali-
brator elements, and gain per channel with VGC activation is set to ±1. See Table 3b, and
Section 4.5.) With VGC operation, the fl,-element channel is, of course, maintained to a
preset voltage within the linear operating range of the MCT detector. The calibration experi-
ment is summarized in Figure 9.
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Figure 9. Calibration of the analog data acquisition channels for measurement of all
Mueller matrix elements. PEM-POL are the transmitter and receiver photoelastic
modulator-polarizer pairs, MCT is the infrared HgCdTe photoconductive detector,
and VGC is its variable gain control amplifier (see Figure AIIt 11). The calibrators are
polarizer and waveplate optics of known Mueller matrix elements. Each channel of the
analog detection unit has independent adjustments for phase and amplitude to match
the calibrator signatures over the dynaic range of the MCT output waveform (see
Section 4.5).

The calibrator optics exhibit Mueller elements of the form:

Linear Polarizer

I cows (20) sin(20) 0l
P(e) - cos (20) COS2(20) cos (20)sin (20) 0 (19a)Isin (20) cos(20)sin(20) sin2(20) 0

[ 0 0 0 01

Quarter-Wave plate

Q(P) 0 ~~~cos 2(2p) cos (2p)sin (p sn(p 1b
0Qcos (2p)sin (2p) sin 2(2p) co (2p) (1b
0 sin(2p) -,:os (2p) 0 j

where 0 is the transmission axis of the polarizer and p is the fast axis of the waveplate
(quarter-wave retardation).
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The rotating polarizer (Equation 19a) calibrates the Mueller elements; f 31, f 12' f 21p and
f13. Rotating quarter-wave plate (Equation 19b) calibrates f , fz, f24' f32' f , f4, f4' and

f43. A combination of polarizer and quarter-wave optics in operator order P(O)Q(p) calibrates
element f4l, while f 4 can be calibrated in operator order Q(p)P(O). A measurement with no
optic (air) calibrates the channels for elements f 1 and f44.

The following Table 4, summarizes how the dc and eight lock-in frequency channels of
the analog detection system (Section 4.4) are calibrated to the known rotating optic(s). The
calibration of the detector can easily be checked before and after running the ellipsometer sys-
tem for lengthy periods.

Table 4. Calibration of the PSD's analog electronic channels to the
Mueller elements of a rotating quarter-wave plate Q(p), rotating linear
polarizer P(O), and combination optics Q(p)P(O) and P(O)Q(p).

Lcck*4 Incideft, Pinal Stkes Veclrs

Channel Prequency (Ceh'obraw. Muener Element Signeal]
vv V,-45 +450,4. .45°, V

I dc (Ai. . unityl

2 W2  IPM)Q(P). 41. sin2pj
3 W (Q(()P), 14, - sin2pi
4 2W 2  (NO). 31. %sin20 1O). 21, % cos201
s 2w, IP1), 12, % cos201 [P1O), 13. % sin201

w°1 +{o 2  1,r.4, ", unI

7 2W 2 +W1  Ip(p). 2, -sin 2p1 I(P). 4, cos2pi

8 2w, +w2 mp). 42. sin2pi IQ(P 43, -cos 21
9 2wp-2W2  Q(p). X cos 22p, pp), 3. (cos 2p)(sin 2 p) I p). 33 sin2 2pi IQ(p). 2. (cos 2p)(sin 2p)l

4.6.3 Decoupling Sample From System Matrix Elements in the 3-Mirror Goniometer
Type Eflipsometer Waveform Output.

Although any discrimination between bare and contaminated surfaces with this instru-
ment will rely principally on the wavelength dependence of the backscattered light, we wish
also to investigate the effect of varying the angle at which the IR beam strikes the sample sur-
face. The simplest means for accomplishing this would be to fix and direct the incident beam
straight downward onto a sample holder (e.g., a petri dish) and tilt the holder through the
desired range of angles with an appropriate mount. Unfortunately we will look at numerous
loosely packed samples, such as soils, coated with liquid contaminants, so only a small tilt
angle would be allowed. Instead, then, we have chosen to lay our porous granular samples
flat on the optical table and vary the light's incident angle using a goniometer - whose mirrors
also return the backscattered radiation. By not disturbing the scatterer, the natural effects of
liquid diffusion (into and across the porous material bulk) and evaporation of the analyte can
be analysed by a screening of elements sensitive to surface geometry.
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The drawback to this arrangement is that the instrument measures the net Mueller
matrix of everything in the optical path between the two polarization modulators, so the
sample's Mueller matrix is buried in the middle of a long product of matrices representing all
the goniometer mirrors - both going in and returning (Equation 6b).

We now return to the real-time scattergram obtained from the ellipsometer configuration
of Figure 4a, the configuration with the goniometer transceiver arm. This complex waveform
requires filtering of the arm's mirror elements for extraction of the Mueller elements of the
scattering sample.

In Equation 6b, Mi represent four metallic mirror matrices oriented in a plane with nor-
mal vector 450 to the incident beam. Three of these mirrors make up the goniometer arm, and
the other directs backscattered radiance from sample to MCT detector. The mirror optics and
arm rotation matrices are given in Table 2. The unknown sample Mueller matrix is embedded
in the system matrix *ij measurements, and needs to be extracted. This can be done analyti-
cally by simply inverting M and R from the left and right hand sides of Equation 6b, and sub-
stituting element values from Table 2, given values of refractive indices supplied by the
manufacturer of the optical surfaces. Each mirror Mueller matrix is an exact function of the
optical 'constants' n and k (in Table 2, a, 0, and a are implicit functions of n and k) of its sur-
face coating layers and substrate material. Even under strict quality control procedures from
the manufacturer, all mirrors cannot be assumed to have identical cr, 0, and cr values. Since
their variance in n and k values are not accurately known, three separate experiments are
required for empirical determinations of M1M2M3, M3M2M1, and M3.

The calibration experiments for decoupling the mirror Mueller elements from the
detected signal are schematized in Figure 10. In the top configuration, we define:
B(,) - M3Q)M 20,)M(-); according to the order in which the incident beam reflects c'om the
mirror flats and transmits through receiver the optics (R) to the MCT detector. Tht [ and R
optics are interchanged, and beam direction reversed in the middle configuration of Figure 10,
yielding the inverse-order goniometer matrix we define: C(X)- Mj(O)M 2(0)M3(0). In the
final calibration measurement for M4 , bottom POL-MOD configurations of Figure 10,
D(.) - MAO.)C(-). Note, in the above cases, the goniometer is fixed in the plane of
incidence, i.e., 0 - 0( and R - I - the identity matrix. The matrices Mi are noncommutative,
i.e., B(X)#C(>,). By inverting Equation 6b, and substituting in the calibration matrix data, we
come to a solution for the Mueller matrix of the contaminated sample with the following
form.

F0,,0) - C-O.)R' ()D-(X)CO)q*O, )R'I()B-O) (20)

Presented in Appendix I1 are term-by-term values the above F product matrix. The result
was symbolically computed from a USP coded mathematical algorithm named MACSYMA,
and were later checked for accuracy. Fortran 77 code of the element equations, also produced
by MACSYMA, is used in the decoupling software conversion operation labeled *ij - f j in
Figure 6.
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Figure 10. Calibration experiments for decoupling four mirror (M1-4) matrix elements from
the ellipsometer system matrix of Figure 4a. T and R are the transmitter and receiver linear
polarizer(P) - photoelastic modulator(PElM) pairs, respectively, and D is a beam dump. The
goniometer arm is oriented + or -900, so that the reference plane of measurement of the
Stokes vectors in transmitted and received beams are the same. Mueller matrices B, C, and D
are produced from the respective optical orientations, and must be measured for rrach laser
wavelength.
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Optical Redesign of the 3-Mirror Goniometer Arm

In principle, the Mueller sample matrix can be extracted form the measured system
matrix if the matrices of the mirrors are known. Sections 4.2 and 4.6.3 details the calibration
measurements needed - at every wavelength! - for a Mueller description of the goniometer
and the subsequent calculations to deconvolve the desired sample matrix from the total meas-
ured system matrix. This process dearly is not satisfactory. It is at best time consuming and
inelegant, and, more seriously, there are unresolved questions about the propagation of
uncertainties in the goniometer calibration measurements into the calculation of the final
matrix. We consider it more sound for the goniometer arm to be redesigned so that the mir-
ror matrices are measured empirically with the instrument rather than to rely on theoretical
calculations that, though precise in form, require an exact knowledge of the mirror surfaces'
IR optical constants.

Lets now return to the Mueller matrix, M, of a mirror previously expressed in Table 2.

CL2+32 a 2-p 2  0 0
1 a 2-1 2 a2 +p2  0 02 0 0 -2ap3coso" 2ap~sino"(1

0 0 2ap3sino" -2ap3cosa,

As before, the Stokes vectors of the incident and reflected rays are both referred to the plane
of incidence containing those two rays (and the mirror normal), a is the ratio of reflected to
incident amplitudes for light polarized parallel to the plane of incidence, 0 is the same ratio
for light polarized perpendicular to the plane of incidence, and ar is the reflection induced
phase shift between the two components. Note that there is no mixing between parallel and
perpendicular polarization components.

Figure 11a illustrates the simple case of a mirror reflecting a light beam upward by 900.
Let the incident beam, segment 1, have a Stokes vector (s0,s1 ,s2,s3) originally referred to the
horizontal plane, H. To apply Equation 5, the incident Stokes vector must first be re-
referenced to the reflection plane of incidence, V. This is done by operating with the rotation
matrix R, defined as:

1 0 0 0
R()=0cos 20 sin 20 0 I(22)R(0)-0 -sin 20 cos20 0(

10 0 O0 1

where 0 is the angle between the old and new reference planes.
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Figure 11. A right angle reflector (a) with a single mirror that changes the Stokes vector and
(b) with a pair of mirrors that do not.
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Thus, the Stokes vector of the reflected beam, segment 3, referenced to plane V is:

SOI [ I'

s11 =MR(900) s (B)S2 s:"223
A3 , 3  j53 11

Notice that M R(90D) is just M with sign changes in the 2 "d and 3 d columns.
In Figure lb we also direct an initially horizontal beam upward, but this time it is first

reflected 900 in the horizontal plane. A final application of R(90°) between segments 4 and 5
makes the final beam (segment 5) identical with respect to direction and reference frame as
the final beam (segment 3) in Figure 11a, but now

0[SO~
s1 - R(90) M R(90° ) M 5s (24)
S2J 2
A3,5 S31

Performing the suggested matrix multiplications, we easily find

~1000~
R(90 ) M R(90D) M - a 2 P 2 0100 (2)0010

The Stokes vector of the final beam is identical to that of the initial beam, except for an
unimportant attenuating factor a2p2. A final reference rotation is not critical and was applied
to make Figures 11a and 11b exactly comparable. The only difference without it is a change in
two signs of the unity matrix.

The reason a pair of mirrors arranged as in Figure 11b is transparent with respect to
Mueller calculations is, of course, that the identity of parallel and perpendicular polarization
components is interchanged for the two reflections. The second mirror reverses the relative
phase shift of the first mirror and also equalizes the amplitude attenuations. Also note that
this result holds for every wavelength. We require only 900 reflections and that the mirrors
be optically identical.

We believe a goniometer can be constructed on this principle and will allow a direct
probing of the sample's Mueller matrix without all the calibrations and inverse matrix calcula-
tions of Section 4.6.3.
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4.7 System Software: Experiment Automation, Data Collection and Graphics Display.

The development of software for system hardware automation, analog-to-digital conver-
sions for data collection, and graphics presentation for visualization of reduced data sets is
updated as new experiments are devised. The first version ellipsometer software package is
complete, and is presented in Appendix IV. Linked to the hardware of the analog data
acquisition system, the design of this automation and data graphics analysis code is modular.
Structured in menu format, it is flexible enough to incorporate changes for accommodating
future applications of these ellipsometer systems. A VAXstation IEGPX computer operating
under VMS version 5.4 controls automation 1/0 between it, the SAG, and the DAEDAL
MC2000 series stepper motor controllers. All system software in written in the FORTRAN 77
language.

4.7.1 Switching of Laser Shutters, Modulator Retardation Adjustment.
The laser shutters and the modulator retardations are controlled from the

'NEWTEK.FOR' (Appendix IV) routine as string commands to the main controller relay SAG
network (see Appendix Ill, Figures AIII.13a-b, 15b).

4.7.2 Modulator-Polarizer Permutations.
These are stepper motor controller functions. Movements are predetermined by the

user and stored on file. Refer to 'MOVSTAGE.FOR' and associated routines (Appendix IV).

4.7.3 Sample Selection and Stage Rotation.
Sample selection is based on the input order in which a series of dry and wetted surface

measurements are made, with a maximum of eight samples. The means by which a sample is
selected and rotated about its axis is a function of the 'NEW_TEK.FOR, W.FOR, V45.FOR,
P45V.FOR, and P4545.FOR' routines (Appendix IV). The latter four routines, named for their
associated POL-PEM axis orientations, index the sample stage rotation so that Mueller ele-
ments can be collected at any range of backscattering angles to and from the various dry and
wetted sample scatterers.

4.7.4 Goniometer Rotation and Data Acquisition.
Goniometer rotation operations is performed by 'VV.FOR, V45.FOR, P45V.FOR, and

P4545.FOR' routines (Appendix IV). The goniometer is controlled in an identical manner as
in the sample stage rotation routines, with the exception that its angle increment can be
adjusted to provide measurements at any resolution. Data acquisition is contained in these
four subroutines and occurs sequentially and synchronous to stage rotation.

4.7.5 Data Storage and File Management.
The collected sample data is stored in two discrete files. One is an index file that con-

tains information about the sample, the other file contains the Mueller matrix data. Refer to
the 'NEWTEK.FOR' routine (Appendix IV).
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4.7.6 Graphics Presentation.

The graphics display for this program was written for a 4111 TEKTRONIX color terminal
or equivalent. (Graphics are not required to run the experiment.) The graphics routines that
display Mueller elements of the scatterer as functions of backscattering angle and beam
wavelength are "TEK..NPUrS.FOR, TEKTEXT.FOR and LASERJN.FOR" (Appendix IV).
For real time graphics display refer to "'EK3.FOR, DRAW.ELE.FOR AND SEEELE.FOR'
(Appendix IV).

The following Figure 12 is a typical graphics output of the software package given in
Appendix IV.
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Figu~re 12 Graphics ou1tplit from the software package of Appendix WV. In this particular data
set, 12 measured elements are displayed a,, a function of backscattering angle (0. 1' resolution)
from a water of isomer (-) tartaric acid at X 924 urn. Me color-coded Mueller field of ele-
ments is displayed in the the lowver right. Nixes H and %I art- for horizontal and vertical axes
scrolling, Nix C L'RcOR activates 11 and V, box 1 is; for the selection oit anv of the MWeller vte-
menfts per l'J N optics. orientation, ko 1:1 HI I cont,un n the data files , box I AMU I contains the
raw v, iltai:ws-- outpuit from the A D) channek, box I1 11 v eases eleint s) fromn the screen,
biox Al I with )(] U F erase- all elenieni t ro m the screen, box NURI selects additional ele-
ments tor displav.



5. THEORETICAL MODELLING

Modelling of the Mueller matrix elements is being performed using: (1)
RETRO/DISPLAY, a Full Wave theoretical software package that provides closed form expres-
sions for scattering of electromagnetic waves from isotropic surfaces of 'rough' through
'smooth' texture, and graphical analysis of those data; (2) DETECr/DECIDE2, algorithms that
select optimum wavelengths and angles from RETRO for maximum probability of contamina-
tion detection and; (3) CADPAC/BROOKLYN89/GAUSSIAN88, quantum chemistry software
packages that predict infrared, equilibrium geometries, vibrational modes and frequencies,
vibrational circular dichroism and other physical properties of the target molecules.

Currently, one of us (J.O. Jensen) along with researchers at the University of Pennsyl-
vania (H. Hameka), Lehigh University (D. Zeroka), the Ballistics Research Laboratory (C.
Chabalowski), are modifying the CADPAC/BROOKLYN89/GAUSSIAN88 packages for
infrared absorption and VCD spectral interpretations inherent in Mueller elements [1,41, [4,11,
and [1,11. (The elements f, and f, contain information on the VCD property. BROOKLYN89
is now being modified for VCD calculations by various chiral molecules. Also,
CADPACIGAUSSIAN88 is now being used by D. Zeroka for vibrational modes and VCD
predictions of linear and ringed sugars and amine molecules that simulate chirality in the
more complex biological structures.) There is an interest here to build on a valid quantum
chemistry model predicting IR absorption in the more complex molecular systems that behave
like chemical/biological agent compounds, and couple it to a tested Full Wave scattering
theory. (A purely analytical model of scattering. The present Full Wave model must access
physical information on the scatterer from an experimental data bank.) This model's output
would in turn transfer it output to a neural network connected to the data channels of the
ellipsometer sensor (Section 6.3).

We give a brief summary on quantum modelling approachs in the following section. A
more detailed discussion of vibration-rotation, VCD, depolarization and other properties of
the analyte compounds of interest will be presented in future papers. Moreover, we do ela-
borate on and give the source code of model RETRO/DISPLAY and its associated algorithm
DETECT/DECIDE2 later in this section and Appendixes V and VI.

5.1 Modelling the Analyte's Resonant Molecular Motions: Applying CADPAC,
BROOKLYN89, and GAUSSIAN88 Quantum Chemistry Codes.

The backscattering of polarized light to yield a Mueller matrix depends, in part, on sur-
face geometry. This has been addressed by the work of E. Bahar et al (Sections 5.2.1 - 5.2.4,
and Appendix V). Another (coupled) aspect of the Mueller matrix is the interaction of light
with specific molecules on the surface, a part associated with the pure physical nature of the
scatterer. The molecular phenomena causing these interactions include absorption, depolari-
zation, and circular dichroism. These molecular phenomena will result in an index of refrac-
tion that is in a matrix form similar to the Mueller matrix itself. Thus the index of refraction
and absorption coefficient are no longer simple scalar quantities. If this matrix form of the
refractive index can be extracted from the data, useful chemical data can then be determined.

From the quantum chemistry codes GAUSSIAN9025, CADPAC 26, and BROOKLYN8927
we can accurately predict absorption, depolarization, and circular dichroism in the gas phase
of molecules. The spectra of a molecule on a surface is similar to a gas phase molecule.
Thus we can accurately predict the matrix form of the refractive index by the interaction of
light with the given molecule.
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Vibrational Circular Dichroism (VCD) is particularly useful in predicting biological con-
taminants. 28 It is a measure of scattering between left- and right-handed circularly polarized
light, interactions that differ with chiral molecules. VCD is related to the [4,1] and [1,4] ele-
ments of the Mueller matrix, since these elements are transformations of one circular handed-
ness into another. If the [4,1] and [1,4] elements are measured at two different frequencies on
and off resonance, then the difference between the scattering intensity in these elements is
indicative of the presence or absence of a chiral molecule.

The flowchart of the calculations that we perform is given in Figure 13. The calculations
are usually done at the Hartree-Fock level of theory using a finite basis of Gaussian type wave
functions. The minimum energy configuration of the analyte is found within this approxima-
tion. The second derivative with respect to all nuclear displacements is then found. The
eigenvalues and eigenvectors of the second derivative matrix give the vibrational frequencies
and normal modes, respectively. The dipole derivatives along the normal modes give the
relative intensities of the peaks.

VCD is calculated using the computer package CADPAC. VCD is a non-Born-
Oppenheimer effect caused by the coupling of electronic and nuclear motion. The calculation
gives the overlap of the change in the wave function due to a nuclear displacement against
the change in the wavefunction due to an external magnetic field. Thus the nuclear motion
causes a slight asymmetry in the way that left-handed and right-handed circularly polarized
light interact with the molecule.

It is known from the literature29 that vibrational frequencies calculated at the Hartree-
Fock level of theory tend to be slightly higher than experiment. The correction factors needed
to make the calculated frequencies agree with the experimental frequencies tend to be con-
stant across a group of similar compounds. Much of the work done in our laboratory involves
determining the correction factors to the raw calculated results.
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Linkage to the Full Wave Scattering Code.

In the latter Section 6.3, we discuss a concept in which the ellipsometer's real-time
Mueller element outputs are connected to the inputs of a neural network. This network would
be designed to partition analyte-specific data, so that presence or absence of the analyte can
be established in the scattering zone of the ellipsometer probe beams, as indicated by an
appropriate alarm signal at the network's output layer. Inputs to the neural network are
weighed according to a valid theoretical model. A candidate model for scattering by a ran-
donly rough surface is the Full Wave theory presented in the following section. We antici-
pate making a linkage of the CADPAC, GAUSSIAN, and BROOKLYN quantum chemistry
codes to the Full Wave code. In a successful neural network model, the quantum chemistry
codes would predict resonant absorption by the analyte(s). The scattering code accesses this
information and outputs Mueller elements of the contaminated surface. That data would then
be used to weight the network's input sensor data, and train it to alarm under certain condi-
tions, i.e., when a susceptible set of Mueller elements are present and successfully partitioned
from its background. An additional layer can be designed into the neural network that
accesses a data bank where Mueller signal strengths and analyte mass densities are corre-
lated, allowing a quantitative map of the threat contaminant to be displayed.

The quantum models consider single molecules, and are used to compute energies driv-
ing resonant molecular vibrational motion, assigrng an intensity value to the absorption. In
the Full Wave model, macroscopic boundaries separate material media and each material is
characterized by a complex dielectric constant. Obviously, a macroscopic analyte medium
containing many, many, molecules would likely have a broadening effect on the quantum
predictions and, perhaps, can be predicted by the many-body theories of statistical mechan-
ics.

Once the absorption of a material is determined by the quantum codes (over a wide
spectral band), its real and imaginary parts of refractive index can be computed by the
Kramers-Kronig' 0 relationships. These are the data the Full Wave model uses in its surface
scattering Mueller matrix predictions.

5.2 Mueller Matrix Predictions by EM Wave Scattering From Rough Surfaces:
The Full Wave Model of Physical Optics Theory and its Application for
Remote Detection.

An experimental verifiable model for accurate predictions of the Mueller matrix elements
is of great value in the development of a detection system. Predicting the Mueller elements as
functions of laser beam scattering wavelength, statistical orientation between scatterer and
incident beam, optical properties of the scatterer (indices of refraction), and its topography
could essentially simulate the entire experimental operation. With these descriptive models,
we seek an optimum domain for which these parameters can most readily reveal the analyte,
and guide the experimenter toward a most probable detection scattering event.

5.2.1 The Full Wave Model: RETRO.

Program RETRO is a numerical implementation of a Full Wave electromagnetic scatter-
ing theory developed by Professor Ezekiel Bahar at the University of Nebraska-Lincoln. This
theory bridges the gap between physical optics and perturbation theories. 3 0,31,32,33,3 RETRO,
written by Craig Herzinger, calculates theoretical Mueller matrix elements for light scattering
by randomly rough 2-d surfaces. Associated software named DISPLAY presents 3-d, contour,
and 2-d graphics from the output of RETRO. RETRO/DISPLAY was written specifically for
this experimental program, and, should it be proven feasible, aid us in chosing optimum
wavelength, angle, and polarization parameters for characterizing contaminants on various
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background and interferent terrestrial or manufactured material. Later in this section we dis-
cuss what simplifying assumptions are made in Full Wave theory to allow numeric results to
be calculated in a reasonable period of time. The RETRO/DISPLAY source code, written in
Fortran 77 and now running on a CRAY supercomputer, is included Appendix V. Also, nota-
tional differences between the code and theory are addressed, as are format and content of
input and output data files, and the relationships of many program variables to the theory in
symbolic form.

Full Wave theory calculates scattering of an electromagnetic plane wave from a two
,1 dimensional, statistically rough, surface between free space (air) and a material with a relative

dielectric constant, e,(X0), where X0 is the free space wavelength of the radiation.

The surface boundary is defined as y - h(x,z), where <h> = 0.
The reference plane is defined as y = 0.

The plane of incidence is assumed to be the x-y plane and 0' is the angle between the direc-
tion of the wave and the normal to the reference plane. For backscatter, the incident and final
directions lie on the same line so that Oi - -0 o

The mean squared height of the surface is <h 2 >.

The mean squared slope of the surface is cr - <h 2 + .2 >, h = " =

The correlation length of the surface, I, is defined by l - 4<h2>

The auto-correlation function of the surface heights is rm (x1 ,yd) =- •
<h

2>
where h- h(x,z), h'- h(x',z'), Xd aXX ', Zd Z Z-Z'.

Full Wave theory allows calculations of elements F - F(<h2>,Cr ,X0,).

The assumptions made in this program can be broken into two classes:

- Process assumptions and
- Surface assumptions.

Process Assumptions:

Process assumptions address how the light is scattered, for example how many times it
strikes the surface, how the emitter and receiver are oriented, and how diffuse the scattered
light is. Surface assumptions deal with the statistical representation of the surface heights
and slopes.

This work assumes that scattering can be properly characterized by a single-scatter pro-
cess. That is, light measured at the detector is assumed to have struck the rough surface
exactly once; multiple scattering is not considered. This allows a second order iterative solu-
tion to be used in the Full Wave theory, additionally, it also limits how rough the surface can
be. Another assumption is that the light source and detector are on the same optical path
with the same orientation. The common terminology for this is backscattering. Backscatter-
ing is considered because the ellipsometer is a proving instrument for a future remote sensing
system, where the receiver and detector are at one location far from the target surface.

The Mueller matrix elements are calculated on a per solid unit angle basis, therefore the
matrix is correct to within a scalar constant of its experimental counterpart. The scalar con-
stant is based on the size of the solid angle intercepted by the detector. Moreover, for this
work to be valid, the detector must look at a small enough range of received radiation cen-
tered in the backscattering plane such that pure backscattering can be used as a good approxi-
mation of radiance collected from the irradiation cross-sectional area over the entire range of
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angles and wavelengths. Also, the solid angle intercepted by the detector must be invariant
to changes in incident angle, 00, and wavelength, X0 . A third assumption is that the scattered
radiation is totally diffuse. This means the coherent portion of the return (the return without
the surface roughness, times a constant) is assumed equal to zero. This condition limits how
smooth the surface can be.

Surface Assumptions:
The first major assumption is that the surface is isotropic and uniform, i.e., the scatter-

ing is independent of the rotational or translational position of the rough surface; the scatter-
ing is in, Ariant to a rotation or translation of the x and z axes. This leads to the conclusion
that rM,(x,zj)-rM,(rd) , rd xd + Z.

The second assumption is that the probability density of the heights and slopes are
independent, p (h,h.,h)-ph (h)ps (h.,h). Also, pl, and Ps are assumed, respectively, to be
Gaussian and jointly Gaussian probability density functions.

To meet the condition of single scattering, the following restriction is applied: a4 -< 2.
To satisfy the condition of purely diffuse scattering, <h2> is restricted by the relationship

4<h 2 >kj is much greater than 1, where ko - 2-1-. These conditions are not enforced by the
KO

program; you must make sure the input data is satisfactory.

Consequences of Assumptions:
Full Wave theory, under the above conditions/assumptions, can be used to calculate the

scattering phase (Mueller) matrix F as defined by the modified Stokes vector notation.

aVV cr VH

oVHV VH 0 0
HV HH

F'= |0 0 RefaHiv' + UVHV) Ima~) (26)
-Ima H) Reav - crV)

D Dkr
where 1 

= (Q.af) 2 P2 Ps dh, dh, (27)

and Q = 2ko f (exp(vI<h2>(1-rh-)) - exp(-v<h2>)) Jo(v. r,) rd dr, (28)
0

Note that under the process assumptions, eight elements of F' are analytically zero.
Measuring these eight elements experimentally should be a good test of theory with the dis-
cussed restrictions.
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Linkage to Scattering Matrix F':

In our previous notation, F' was a modified matrix derived from modified Stoke's vec-
tors. To transform this matrix into the desired Mueller matrix F, the notational difference
must be addressed. Consider a Stokes vector in the modified notation, IM, and in the stan-
dard notation, Is, that represent the same light.

a,

s 0 so so+si
53' S1 S~ r

IM S3IS S2 S2-S (29)

S4  S3  S

The modified Stoke's vector of the scattered light is Im' = FIM and the standard Stoke's
vector of the scattered light Is' = FIs dearly must represent the same light. For this to be true

F - AF'B, where (30)

~1 1 0 0 % O % o0
11-1 0 0 %--%0 0

Am 0  0 1 0 and B 0 0 1 0 (31)

100010 0 01i

A and B are transformation matrices such that Is - AIM and IM - Bls.

RETRO then calculates F by computing Q and the necessary (at I/Q)'s.

5.2.2 DISPLAY: Graphical Analysis of the Full Wave Model.

Program DISPLAY is an interactive program that plots elements of backscatter Mueller
matrices. The elements can be displayed in a 3-d, 2-d, or contour format as a function of radi-
ation wavelength, Xo, and incident angle, 0. The program is written in FORTRAN 77 and is
set up to run on the UNIX CRAY2 supercomputer. Data files created by REMRO can be used
as input for graphical software packages. Also, files containing experimental data, if properly
formatted, can be used as input to other programs.

The purpose in writing DISPLAY was to present the theoretical data produced by
RETRO in a variety of ways. DISPLAY is to aid in analyzing thec,-etical and experimental
data, and to help in choosing appropriate wavelengths for ellipsometric study of various back-
ground and background-analyte surface scenarios. DISPLAY allows for direct comparison of
experiment to theory.
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DISPLAY uses the plotting package Disspla, version 10.0. Local printing capability is
required for interactive work. All calls to Disspla are confined to subroutines that perform
specific tasks. These subroutines print headings, draw axes, draw curves, etc. To change
plotting packages, these routines (in the Disspla source code) need to be rewritten. Appendix
V provides DISPLAY's source code, startup procedure, menu options, plot directives and data
analysis options. Its source code is also provided in Appendix V.

We end this section by including Full Wave data from dry and wetted clay surfaces of
variable roughness via execution of RETRO and DISPLAY programs. The day sample is an
admixture of three minerals in one-third proportion by weight; colloidal montmorillonite, kao-
lin, and illite. The optical constants and other information on how this day pellet was fabri-
cated are given in Reference 21. Figure 14a is the day's calculated f 11(X,O) element within a
backscattering angle range of 0-<-880, and wavelength band of 9.0-X:-12.2 ±m. Mean
squared height of the day pellet's surface is 5.0 pLm2 (smooth), its mean squared slope is 0.05,
and the probability density functions of heights and slopes used in the theoretical model are
Gaussian.30' 31,32'33 The three maxima arising in the matrix element-surfaces result from
Reststrahlen absorption (a narrow wavelength region where a sharp jump occurs in the ima-
ginary part of the complex refractive index in some minerals) in the soil material. In Figures
14b-f, respectively, mean square slope <ar2> of the soil surface is increased in order from 0.05
to 0.10, 0.50, 1.00, 1.50, and finally to 2.00 while <h 2> is held constant. Recall that the f 1
element is a measure of scattering power, as such, the pattern depicted in Figures 14a-f (i.e.,
scattering from a smooth to a rough surface as <or2 > increases) is intuitively correct. At small
slopes, the surface is spatially slow-varying and therefore most scattered energy occurs at 00
specular angle. As the soil surface slope and mean height go to zero, the Matrix element-
surface of Figure 14a should reduce to the Fresnel reflection curve at 0 degrees, zero every-
where else. We see from Figures 14a-f, that as surface slopes increase (sharper topographical
detail), scattering becomes more Lambertian-like, i.e., scattering energy becomes isotropic as
shown by the increasing and broadening of the Mueller element surface f 11 (X,O) for angles
beyond normal incidence (00 degree), at the expense of decreasing specularly-reflected
energy. We also note an intriguing result: the Reststrahlen peaks shift toward higher angle as
roughness increases.

This same graphical analysis was conducted on the f 21 element, results of which are
presented in Figures 15a-f. Notice a trend in this Mueller element as the soil-surface rough-
ness increases. The three Reststrahlen bands first appear positive, damp, reverse sign and
decrease negative with increasing <or2>. The rate of change in the f21 bandhead amplitudes
seems more rapid at the largest slopes. This change of sign in the absorption bands in the
[2,1J element results from a changing relationship between horizontal and vertical polarized
components of backscattered light when going from smooth to rough surfaces, an anomaly of
Full-Wave theory 3 ' 31' 32 .

Our computer animation and visualization of the elements from a comprehensive Full
Wave data bank show that <h 2> is an insensitive parameter to change in all IR Mueller ele-
ment signatures between 10 - 100 p.m 2 .
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Figure 14a Full-Wave model prediction of the Mueller matrix element f~in the backscatter-
ing direction from a composite soil material assuming a surface structure of Gaussian distri-
buted slopes (a) and heights (h). The topographical mean-squared surface height (in Lm 2 ) and
slope of the soil sample in (a) are, respectively, 5.0 and 0.05. Note that as <a2y> increases in
the following five figures b-f, the surface becomes a more Lambertian-like (isotropic) reflector
as expected. The model restricts <ac2> :S 2.
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Figure 14b. Full-Wave model prediction of the Mueller matrix element f,, in the backscatter-
ing direction from a composite soil material assuming a surface structure of Gaussian distri-
buted slopes (a) and heights (h). The topographical mean-squared surface height (in lm 2) and
slope of the soil sample in (a) are, respectively, 5.0 and 0.10.
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Figure 14c. Full-Wave model prediction of the Mueller matrix element fil in the backscatter-
ing direction from a composite soil material assuming a surface structure of Gaussian distri-
buted slopes (a) and heights (h). The topographical mean-squared surface height (in I.m2) and
slope of the soil sample in (a) are, respectively, 5.0 and 0.50.

-59-



Mueller Element Fn,
composite Gaussian
') = SOOOg. I = 1.000

0.48

OIV"

Figure 14d. Full-Wave model prediction of the Mueller matrix element f" in the backscatter-
ing direction from a composite soil material assuming a surface structure of Gaussian distri-
buted slopes (or) and heights (h). The topographical mean-squared surface height (in tLm 2) and
slope of the soil sample in (a) are, respectively, 5.0 and 1.00.
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Figure 14e. FuJI-Wave model prediction of the Mueller matrix element fii in the backscatter-
ing direction from a composite soil material assuming a surface structure of Gaussian distri-
buted slopes (cr) and heights (h). The topographical mean-squared surface height (in p m2 ) and
slope of the soil sample in (a) are, respectively, 5.0 and 1.50.
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Figure 14f. Full-Wave model prediction of the Mueller matrix element ftin the backscattering
direction from a composite soil material assuming a surface structure of Gaussian distributed
slopes (r) and heights (h). The topographical mean-squared surface height (in ~m 2 ) and slope
of the soil sample in (a) are, respectively, 5.0 and 2.00.
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Figure 15a. Full-Wave model prediction of the Mueller matrix element f12 in the backscatter-
ing direction from a composite soil material assuming a surface structure of Gaussian distri-
buted slopes (or) and heights (h). The topographical mean-squared surface height (in Rm

2 ) and
slope of the soil sample in (a) are, respectively, 5.0 and 0.05. Note the sign reversal in the
material's bandheads as <a 2 > increases in the following figures b-e. The model restricts

<w2> -2.
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Figure 15b. Full-Wave model prediction of the Mueller matrix element f12 in the backscatter-
ing direction from a composite soil material assuming a surface structure of Gaussian distri-
buted slopes (or) and heights (h). The topographical mean-squared surface height (in IrM2 ) and
slope of the soil sample in (a) are, respectively, 5.0 and 0.10.
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Figure 15c. Full-Wave model prediction of the Mueller matrix element fl2 in the backscatter-
ing direction from a composite soil material assuming a surface structure of Gaussian distri-
buted slopes (or) and heights (h). The topographical mean-squared surface height (in pLm 2) and
slope of the soil sample in (a) are, respectively, 5.0 and 0.50.
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Figure 15d. Full-Wave model prediction of the Mueller matrix element f12 in the backscatter-
ing direction from a composite soil material assuming a surface structure of Gaussian distri-
buted slopes (or) and heights (h). The topographical mean-squared surface height (in ii.m2) and
slope of the soil sample in (a) are, respectively, 5.0 and 1.00.
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Figure 15e. Full-Wave model prediction of the Mueller matrix element f12 in the backscatter-
ing direction from a composite soil material assuming a surface structure of Gaussian distri-

buted slopes (a) and heights (h). The topographical mean-squared surface height (in pRm 2 ) and
slope of the soil sample in (a) are, respectively, 5.0 and 1.50.

-67-



Mueller Element Fa
composite Gaussian

(h') 000= oo0

Figure 15f. Full-Wave model prediction of the Mueller matrix element f12 in the backscattering
direction from a composite soil material assuming a surface structure of Gaussian distributed
slopes (a) and heights (h). The topographical mean-squared surface height (in m2) and slope
of the soil sample in (a) are, respectively, 5.0 and 2.00.
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An example of how one could choose laser beam angles and wavelengths, per Mueller
element, for detecting contaminants DMMP, DIMP and SF96 on a soil surface is illustrated in
Figures 16 through 18. Contours F (X,) in the X -9 plane are plotted for Mueller elements
f1, f 12, and f34 for a clay surface with <h2> = 20I m2, and cr, = 0.5, and elements of the
same surface coated by SF96, DMMP, and DIMP contaminant liquids. (The assumption here
is that after the soil is wetted by the liquid contaminant, its surface becomes uniformly coated
and conforms to the unwetted soil surface geometry. Also, the coating is optically thick.) The
cross-hatched sections in these figures are (0, k) regions where the analyte can be discerned
from the soil background. These regions are set subtractions of data from dry and contam-
inated soil, and are dearly contrasted in the Mueller elements. The programs
RETRO/DISPLAY (Sections 5.2.1-5.2.2, and Appendix V) were executed in producing these
data. In the f t element, SF96- and DMMP-contaminated soils yield predominate analyte sig-
nals at the higher wavelengths starting =12.2Rm, and at angles not exceeding 480, while
DIMP cannot be distinguished in this Mueller element. In element f 12, Figure 17, SF96- and
DMMP-contaminated surfaces are still disjoint from the dry soil surface at the higher
wavelengths, but their detection k- domain is more restrictive in angle. DIMP still cannot be
detected via f 12. Finally, in Figure 18, we see that DIMP can be detected via f 34 in the cross-
hatched region near 10.15 pRm and 120-480, as are SF96 and DMMP in the higher )-0
domains.

This kind of graphical analysis can be extended to the remaining independent Mueller
elements, and a selection of angles and wavelengths can likely be chosen to discriminate
against and between a vast group of chemical contaminants that exhibit an IR vibrational
spectrum. Moreover, through experiment and theoretical modelling, we hope to establish
how these domain patterns change with target concentration, allowing one to map the con-
taminant once detection is established, and monitor its fate.
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Figure 16. Regions of irradiation wavelength and backscattering angle in the fu' Mueller
matrix element that are most useful for discriminating against liquid chemical agent simulants
SF96, DIMP, and DMMP on a soil surface. The crosshatched wavelength-angle domains are
areas where the ellipsometer sensor should be set to, so that a signal from the contaminants
can be detected. These regions of maximum analyte detections result from a subtraction of
dry- from wet-soil data sets. Note that DIMP cannot be detected in fit-
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Figure 17. Regions of irradiation wavelength and backscattering angle in the f12 Mueller
matrix element that are most useful for discriminating ag. ;nst liquid chemical agent simulants
SF96, DIMP, and DMMP on a soil surface. The crosshatched wavelengthi-angle domains are
areas where the ellipsometer sensor should be set to, so that a signal from the contaminants
can be detected. These regions of maximum analyte d_!tections result from a subtraction of
dry- from wet-soil data sets. Note that DIMP cannot be detected in f12.
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iguore 18. Regions of irradiation wavelength and backscattering angle in the f Mueller
matrix element that are most useful for discriminating against liquid chemical agent sinmulants
SF96, DIMP, and DMMP on a soil surface. The crosshatched wavelength-angle domains are
areas where the ellipsometer sensor should be set to, so that a signal from the contaminants
can be detected. These regions of maximum analyte detections result from a subtraction of
dry- from wet-soil data sets. Note that all three siniulants can be detected in f .
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5.2.3 DETECT: Remote Detection Application of Full Wave Theory.

Program DETECT, written by Mark Haugland, is a detection algorithm for this multi-
wavelength, two-modulator IR ellipsometer. The program serves 2 purposes: (1) to locate
optimum angles of incidence and wavelengths for use in discriminating between a contam-
inated and a dry surface; and (2) to identify those Mueller matrix elements that can be used to
discriminate between the analyte (contaminant) and the background (substrate) at optimum
angles of incidence and laser wavelengths.

The Mueller matrix for each scattering surface is a function of wavelength, incident
angle, mean square height, and mean square slope. One way to select useful combinations of
incident angle and wavelength is to, as described in the previous section, visually inspect
DISPLAY plots of the difference of the Mueller matrices for both contaminated and bare
materials. Due to the sheer amount of data involved, this method is time consuming and
most difficult when extracting quantitative information quickly.

The most current version of Full Wave theory can compute Mueller matrices for strati-
fied media with an optically thick contaminant layer, i.e., one rough interface is considered.
Given a layered boundary value problem, the backscattering Mueller matrix F for one or more
randomly rough interfaces has 6 linearly independent entries, given the assumptions and res-
trictions on the media prescribed previously in the Full Wave model. These matrix elements
are used in the construction of a 6-dimensional vector v in the following manner.

V1

V 2

V V3  (32)

V5

V6

vI = f1 l, v2 = f1 2, v3 = f22 , v4 
= f , vS = f34, v6 = f4. (33)

Let - b represent the background material, and v' represent the target material. As a
first step, consider a vector d defined by

-(34)

The magnitude of d is given by
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6 1Id" I _ (,dk2) 2. (35)

k-I

The magnitude of Equation 35 is the first step in selecting a useful detection iiscriminant
(combination of incident angle and wavelength). Terms in Equation (35) with I v I > I I
are excluded, i.e., relatively strong returns from the background material filtered (similar to
the subtracted data sets of Section 5.2.2). The following equation uses step functions to disre-
gard relatively strong returns from the background material.

xk-=-dk u(Ivk I- lV1 I) (36)

Here, u(.) is a unit step function. Candidate incident angle and wavelength detection parame-
ters are found by calculating

- 6
I X I = (7, x?) 2  (37)

k-I

and enforcing the condition I x I > I x I ma. The useful Mueller matrix detection elements at
these wavelength and incident angle pairs correspond to the nonzero components of x.

Consider cases where Xk >> xj. Often, this results when vk and vk are large in magni-
tude compared to v! and v0b Consequently, xi has negligible effect on the value of Equation
(37)Leven though v! and v may exhibit strikingly different behavior. Scaling each component
of x by an appropriate factor will yield a test producing results that depend on the relative
size of two matrix elements rather than the magnitude of their difference. The vector y has
this property

Xk

Y*k = - k (38)

As in Equation (37), combinations of incident angle and wavelength of particular interest
may be found by computing

6 !

y I _ (, y?) 2 (39)
k-!
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and requiring I y I > I y I . Again, useful Mueller matrix elements correspond to the
non-zero components of y.

Should a matrix element for either the target or the background tend toward zero, Equa-
tion (39) becomes singular (tends to infinity). For this reason, it is necessary to set yk equal to
zero in the DETECT program whenever v or v are zero.

The refractive index n(k) - ik(k) of a material is a complex function of wavelength which
plays an instrumental role in determining a material's response to an incident photon. Peaks
in the Mueller matrix elements usually occur at resonant wavelengths. Resonant wavelengths
correspond to local maxima in k.

DETECT identifies all resonant wavelengths for both the background and the target
materials. The program also identifies all local minima in k. DETECT helps the user identify
the correlation between on- and off-resonance wavelengths and numerical results from Equa-
tions (36), (37), (38), and (39).

We have thus far developed the criterion for finding useful combinations of incident
angle, wavelength, per Mueller matrix element susceptible to the analyte. We have not yet
accounted for the variational error of parameters expected in experimental operation. Input-
ing several sets of experimental data to the current version of DETECT, computing average
values for and v', and dividing each component of these vectors by their respective vari-
ances may account for variability in the experimental measurements.

The remainder of this section discusses a more sophisticated way of accounting for
experimental variability than averaging data and dividing by variances. We discuss simulation
of experimental uncertainties with the theoretical data base. First, however, we review the
definitions of variance, covariance, and the covariance matrix.

The variance of a univariate quantity z is defined by

U = -L(zi - z.) (40)
N"i-I

where N is the number of samples taken and z, is the mean value of z over N samples. N
should be large enough so that increasing it will not change r,. The expected or average
value E( r ) of a random vector r is the vector whose components are the average value of
each component of r, that is:35

E(r1 )1
E(r 2 )

.. .(41)

E (r

When generalizing variance to multidimensional quantities, one defines the covariance
of 2 components ri and ri of a random vector r by:35
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cov(r ri ) = E [(r - E(ri ))(rj -VEr' ))E . (42)

In Equation (42), the covariance of ri and ri is the average of the product of ri 's and r,'s
deviation from their respective mean values. For i=j, Equation (42) is the variance of r1 . Ir i
and r are uncorrelated, then Equationj(42) is identically zero. The covariance matrix contains
the covariances of all components of r. The elements of the covariance matrix are arranged
according to the following definition:

.=E [(r- E(r ))(r - E(r )) T  (43)

where symbol T denotes transposition. From Equation (43), it is dear that Iii - coy (ri ,ri ) and
that the covariance matrix is symmetric.

In the next section it is assumed that the covariance matrix is positive definite. This is
necessary to insure that the quadratic forms in question are ellipsoidal. 35

Hotelling's T-squared method is one way to check if a hypothesis is true or false. For
this application, the first hypothesis is that a given backscatter angle/wavelength combination
is useful. The second hypothesis is that the contaminant is present. Throughout this section,
it is assumed that the covariance matrices for the contaminated and uncontaminated surfaces
are equal.

This method uses the boundary of an ellipsoid as the test criterion. The ellipsoidal
region is defined by

- I " - (44)

where c is a constant, 2-1 is the inverse of the n dimensional covariance matrix for the data
contained in x, and x is a IXn colugin vector whose entries represent the average value of
the quantity defined by Equation (35). Optimum angles and wavelength are those for which

c> c,, (45)

i.e., x lying outside of the ellipsoid defined by Equation (44). _As earlier stated, useful
Mueller matrix elements correspond to the non-zero components of x.

Now that a set of useful angle-wavelength pairs have been found, it is time to use them
to identify a contaminant. One way to accomplish this is to evaluate Equation (44) at several

* In Equation (36), k is 6. Experimental results may show that there are more than 6 linearly
independent Mueller matrix elements. For this reason. n is left as an unknown dimension :S 16.
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angles and wavelengths, say m, for an unknown sample, then store these values in the 1x m

column vector c. Let c,4 denote the value of c for an analyte on some surface. Define a by:

a a c -cn. (46)

The contaminant is present if I a I < I a I .a, and its concentration (mass density) is
approximated by using qW representing various densities in Equation (46). The cn that
results in the smallest I a I is the closest approximation to c. Hence, the unknown sample
has approxijnately the same concentration as the known sample whose c,, resulted in the
smallest I a I.

Using Equation (46) to identify contaminants works in principle, but information is not
used to a full extent in representing the Mueller matrix data collected at each angle and
wavelength by a single scalar. This method may involve using more angle-wavelength pairs
than are necessary for ascertaining the analyte. However, using a single scalar to represent
the independent Mueller matrices per angle and wavelength demands considerably less com-
puter memory.

Incorporating noise into the theoretical data and substituting in Equations (45) and (46)
provides a way to simulate experimental uncertainties. One way to do this is to add a ran-
dom component to the input variables of RETRO. For example, slightly varying the rough
surface geometry (mean square height and slope) in a random manner simulates a scanning
incident beam irradiating areas sample-to-sample.

5.2.4 DECIDE2: A Detection Optimization Algorithm.
Program DECIDE2 computes and analyzes backscatter Mueller matrices every time it

calls its subroutine RETRO. These data are used to better distinguish between background
(base) and target (analyte) materials. In performing its intended function, DECIDE2 deter-
mines which Mueller matrix elements are of use at wavelengths and incident angles suscepti-
ble to the analyte.

DECIDE2 is an alternative to using the DISPLAY plotting package for graphical discrimi-
nation analyses. DECIDE2 locates primary resonant wavelengths for each material. It then
locates the beam wavelengths at which the difference in the imaginary part of refractive index
between target and background are maximum. At each of these wavelengths, DEC[DE2 com-
putes Mueller matrices for both materials as a function of incident angle. Immediately follow-
ing this computation, each pair of corresponding Mueller matrices is separately analyzed
(Equations 37 and 38).

The program DECIDE2 identifies the combination of these wavelengths and incident
angles that result in a probable discrimination between the two unlike materials. These
anglelwavelength pairs are slightly varied and reexamined. If there is an increase in discrimi-
nation characteristics between varied angles and wavelengths, then the program stores those
new parameters. A new variation in angle and wavelength about these values are interro-
gated next, and so on. This 'seeking' program iterates the interrogation process until no
further increase in discrimination has been detected. Once the program has located the
optimum angle and wavelength, the computer proceeds with its analysis of 121 more Mueller
matrices for angles of incidence and wavelengths near other initial optimum pairs. These 121
Mueller matrices, with analysis results, are written in a file of format readable to DISPLAY.
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6. DISCUSSION OF FUTURE WORK

An alternate digital method for data acquisition, and a neural network interface to the
analog detection output module are presented in this section. The new digital processing
methods we are now exploring should result, if successful, in a turn-key data acquisition unit
with on-board functions that filter specific frequencies in the sattered light intensity much
like the lock-in electronics of the analog data acquisition.

6.1 Digital Data Acquisition and Signal Processing of the Scattergram.

We begin this section by summarizing the current method, which uses separate lock-in
amplifiers, for determining the normalized Mueller matrix elements at a given wavelength
and scattering angle. Let us assume that the driving amplitudes on the two photoelastic
modulators have been properly set for the wavelength in use, and that the angles and orienta-
tions of all the optical elements have been correctly adjusted. Then Equation 11 shows that
the output from the detector can be represented as the sum of an infinite number of discrete
frequencies, namely the sums and differences of all integral multiples of the two modulator
frequencies. The amplitude of each frequency component is given by the product of one or
two Bessel functions of integer order (which fortunately tend toward zero as the order
increases) and a factor that is one of eight Mueller matrix elements. The dc component of the
detector output is proportional to a ninth Mueller matrix element, the %oil element. When the
detector system's gain is actively servo-controlled to keep the dc output at a constant level,
the ac components are also bounded so that their amplitudes are effectively proportional to
the normalized Mueller matrix elements.

The same set of frequencies and Bessel function factors comprise the detector signal in
each of the four experimental configurations: Case A,B,C, and D (see Section 4.3). All that
differs among the configurations is the identity of the eight normalized Mueller matrix ele-
ments that help determine the amplitude of those frequencies. *11 is proportional to the
detector dc level in each configuration.

Measurement of a normalized Mueller matrix element then is equivalent to the measure-
ment of the amplitude of the corresponding frequency component in the detector signal. That
is done initially with eight separate lock-in amplifiers, one for each frequency. Eight
sinusoidal reference signals - each of which is at the same frequency as and synchronized
with one of the eight desired frequencies in the detector signal - are produced by appropriate
analog multiplications and filtering among sine waves derived from the reference outputs of
the two PEM power supplies. The detector signal is split and sent to each lock-in amplifier
board where it is first filtered through a narrow passband filter to reject most of the power
except that near the desired frequency for which the particular board is designed. When the
enhanced signal is finally multiplied against its corresponding reference frequency by the
lock-in amplifier, the dc component of the resulting waveform is a measure of that
frequency's amplitude in the detector signal and so is a measure of the corresponding
(depending on experimental configuration) normalized Mueller matrix element.

Note that Equations 12, 14b, 16b, and 18b for the Mueller matrix elements are relation-
ships among optical quantities - retardation (radians) of the two modulators and intensity
(Watt cwr2 ) incident on the detector. The voltages presented to the lock-in amplifiers' inputs
are, in a sense, representations of those optical quantities. But between the optics and the
lock-ins lie a great many electronic components that transform, amplify, and filter signals
along the way. As a result, an expression for the Mueller matrix elements analogous to, say
Equation 12, but in terms of the voltages at the lock-ins would have to include factors for the
gains and phase shifts (both frequency dependent) introduced by the train of electronics.
Tracking all this would be impractical; instead, on each lock-in board is induded a phase
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shifter to shift the reference frequency relative to the signal, and a final gain control. These
are adjusted and set on each board during the calibration procedure in which measurements
are made for optical standards (polarizers and waveplates) whose Mueller matrix elements are
known. After calibration, a reference frequency and its corresponding detector signal com-
ponent will always be in phase or 180 degrees out of phase at the lock-in, depending on the
sign of the corresponding Mueller matrix element.

The lock-in amplifiers will operate with a short time constant, probably within a few
tenths of a second, depending on the amount of detector noise present. In other words, the
(dc) output of the lock-in at any instant depends only on the input voltages over the previous
few tenth seconds. It has occurred to us that if we can digitize the detector output waveform
over that period of time with adequate resolution, along with waveforms representing the
simultaneous modulator retardations, we ought to be able to calculate the same information
that the lock-ins give and so eliminate most of the experiment's data acquisition electronics.

Three separate techniques for computing Mueller matrix elements from digitized data
have suggested themselves already, and appear plausible to warrant serious investigation.
We have not yet worked out all the details for any approach, but the concepts involved will
be sketched out below.

The most obvious approach is to measure a fast Fourier transform (FF1) on a data
stream sampled from the detector and note the amplitudes at the eight frequencies of interest.
A calibration relating each Fourier amplitude to the corresponding normalized Mueller matrix
amplitude would need to be performed, but in principle a simple power spectrum of the
detector output will yield the magnitudes of the Mueller matrix elements. A greater effort is
required to decide the signs of the elements: the FFT must compute the phase of each signal
component as well as its amplitude, and the complex FF1 must also be performed on simul-
taneously sampled sine waves synchronized with the two polarization modulators. From
those three phases, with perhaps a phase correction determined in the calibration procedure,
the sign of the Mueller matrix element can be worked out.

At least two ways of implementing the FFT approach are feasible. A sophisticated mul-
tichannel waveform analyser, such as the Analog 6100 or LeCroy 9424 in our laboratory, can
acquire the waveforms and measure the FFTs rapidly (Figure 19). The resulting amplitudes
and phases would be transferred to a PC for the final arithmetic and display and/or storage of
the Mueller matrix elements. Alternately, the entire process could be carried out with a real
time microcomputer or PC, using an A/D board with at least three input channels to acquire
the waveforms, and software including a FF1 routine to analyze them and extract the Mueller
matrix elements.

A second approach is to let the computer emulate the system now in use by carrying out
numerically the same multiplications and filtering that the analog electronics perform. Here,
it would be more convenient to synchronize a pair of reference sawtooth waveforms (rather
than sine waves) with the polarization modulators, so that a sampled voltage represented the
instantaneous phase (rather than amplitude) of the retardation of its modulator. Then the
simultaneous phases of the remaining six reference frequencies could be quickly calculated
from sums and differences of the two sampled phases.
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We envision something like the following sequence of operations. Three voltages are
read in and scaled via a A/D board, representing, at the same instant, the phase of transmitter
modulator (w, radians), the phase of receiver modulator (w2 radians), and the detector output.
From the two phases we form the instantaneous phases of t.e other six references:
2w1, 2W2, W1--W2, 2Uw1 -- 2, wl-2W2, and 2w,-2W2. (In some cases sums instead of differences
may be chosen.) At this point compensating phase shifts, previously determined in a calibra-
tion procedure, may be applied to the eight phases. The cosine of each net phase is then cal-
culated, giving eight numbers that represent the instantaneous values of the eight reference
frequency voltages that (in the present analog system) would be found on the reference
inputs of the lock-in amplifiers. Note that the amplitude of a reference frequency is not a
relevant quantity, so long as it's constant, and is here taken to be unity.

When each of the cosine terms is multiplied by the detector output, there results eight
numbers that represent the instantaneous outputs of the present eight lock-in amplifiers
(without low pass output filtering). Recall that each Mueller matrix element is proportional to
the average level (dc component) of its lock-in output. Electronically that level is determined
with a low pass filter smoothing the output over some period of time (=time constant). We
can accomplish the same thing numerically by repeating the measurements just described
many times over the same time period and taking averages. Thus, in eight computer memory
locations we would accumulate (add) the eight effective lock-in amplifier outputs calculated
each time a triplet of data points (w1, W2, detector) were read in. After enough readings
(thousands?) are gathered over a sufficient length of time (.5 sec?), each of the eight accumu-
lated numbers would be divided by the total number of readings and scaled by a fixed factor -
previously determined by calibration - to give the value of the corresponding Mueller matrix
element.

In the third approach the frequency content of the detected signal isn't considered at all.
Instead, our starting point is Equation 12, 14b,16b, or 18b; an exact closed equation relating
the detected intensity to the retardation on the two polarization modulators and the Mueller
matrix elements. Suppose, as in the last approach (ock-in emulation), we read in a triplet of
values representing W1, W2 and the detector signal. Then, taking *1 = 1, we can evaluate all
the quantities of the above equations except the eight Mueller matrix elements, giving one
equation with eight unknowns. Reading in seven more triplets of values will yield a total of
eight equations in eight unknowns, which can then be solved for the Mueller matrix elements
by standard techniques, such as an inverse matrix calculation. This process might be
repeated often in a very short time and averages taken to reduce the influence of experimental
noise and the occasional (?) ill-conditioned data set.

We wish to investigate soon whether one or more of these three data processing tech-
niques - or perhaps other techniques not yet thought of - can replace the rack of analog elec-
tronics now used. All three approaches should be easy to implement on a microvax or PC
system, and should be tested using synthetic and/or real data. There are many questions and
problems to be considered, such as the density and total number of data points required in
each approach, how to reconcile the need for simultaneous data triplets with the sequential
nature of multiplexer data acquisition, and the stability of the solutions obtained in the face of
experimental noise.
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6.2 Rapid Laser Switching Between Resonance-Reference and Resonance-Resonance
Beam Wavelengths.
A latter objective of this program is field evaluation in near real time of Mueller matrix

elements measured in succession between rapidly switching beams irradiating surfaces
down-range to kilometer distances. To accomplish these more distant and more rapid meas-
urements, the ellipsometer system will be expanded to incorporate more powerful lasers and
a larger receiver collection aperture.

The transmitter of this future system was eluded to in the previous Figure 4c. Let us
return to that same type of configuration, but for the sake of simplicity consider here a three-
wavelength switching transmitter system.

The variable beam splitters (VBS1-2) produce full transmission and reflection modulation
from < .05 to > .95 R between 9 and 12.5 gm, via a piezo electric interface control module.
(For n-laser wavelength pulsing, n-i VBS optics are required.) The VBS modulators work on a
principle of Frustrated Total Internal Reflection. (The technique is proprietary to the optics
manufacturer.) Two VBS optical systems are now being custom designed for these ellipsome-
ters by the Kentek Corporation, Laser Tools Division.

Amplitude modulation and triggering of the three incident cw beams is accomplished
internally in the laser's power supplies and exciter circuits. Amplitude modulators MOD1-3
designate switching access via TIL logic signals to the power supplies, as shown in Figure 20.

Our concern with this transmitter is the purity of polarization modulation between
pulses. The pulsing is adjustable from 10 to 100 milliseconds or greater. Another concern of
the frequency agile ellipsometer systems is what tolerance the modulators can withstand on
consistency of periodic phase retardation adjustments between pulses of unlike wavelength.
Air-cooled ZnSe can apparently operate under a maximum 100 watt beam intensity without
significant damage to its anti-reflection coating. However, maintaining a constant retardation
(80 in Equation 9) in the PEM's between beam pulses is a stringent constraint placed on the
resonant compression and relaxation induced on the ZnSe crystals.

We also have future plans to utilize the dead time between beam pulses in an integrated
pseudo active emissions fusion sensor concept, where chemical vapor contamination and
liquids on a surface are detected spectroscopically in thermoluminescence produced from
heating by the beam, and subsequent release of mid IR Planck emissions. The thermo-
luminescence sensor component of the system would consist of a solid-state interferometer
based on the same PEM technology incorporated in the ellipsometer systems. This will be
discussed in a later report.
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Figure 20. Rapid 3-laser switching based on variable beam splitter (VBS) technology. MOD 1,2
and 3 are amplitude modulators of the four incident beams, and VBS 1,2 are the electronically
controlled transmitting/reflecting (T/R) beam splitters. Pulse and triggering sequences gen-
erating the train of alternating wavelengths )L2:X3 :Xl are shown in the bottom half of the fig-
ure. Pulse gating and beam durations can be varied by interface to the piezo electric circuitry.
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6.3 Neural Network Computing of the Mueller Elements For Standoff Analyte Detections.

Work has begun on applying a neural network to the analog APSD detector outputs for
purposes of contaminant decision making and density mappings. As the name implies, neural
network systems intend to emulate the brain's parallel processing ability by activating a set of
impulses (in this case, real-time information from 16 independent channels of Mueller ele-
ments analog outputs from the sensor), pass it along weighted interconnecting nodes (the
neurons, weights via a valid theoretical model) that transform these data to a system of hid-
den layers and other nodes, where new transforms operate on these impulses to produce an
output layer. The pattern of information from the network's final output layer (back- or
forward-propagated) has interpretation that may correlate to a detection event or non-event.

All networks we are considering are constructed from interconnected nodes, each of
which forms a weighted sum of the Mueller matrix element inputs to the node, and adds a
threshold value to the weighted sum. The value of this sum plus the threshold is passed
through a nonlinearity, and the value of the non linear 'impulse' function is the output of the
node. The inputs to each node are a combination of outputs from other nodes and primary
Mueller element inputs to the network. The threshold of each node can be viewed as a unit
weight for an input.37 Generally, the connection weights and thresholds can be adapted using
iterative procedures to make the network produce a desired output when a particular input is
presented. Many of these network concepts have been demonstrated to work well when the
input data is noisy.

The detection network application is schematized in the following Figure 21. We refer to
Lippmann's paper-3 and references therein for a description of various neural network archi-
tectures.
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Determining and optimizing a particular architecture that can be best implemented in
construction of a Mueller matrix hardware network to serve as a contaminant classifier is a
topic of future investigations. Some candidate nets are Hopfield-, Hamming-, Grossberg-, and
Kohonen-like architectures. For the APSD sensor-specific network, the best choice of the
number of nodes and hidden layers is an important first step in network development.

Neural networks can be used for content-addressable memory, vector quantization, data
clustering and pattern recognition. The remote detection application pursued here requires a
net that performs the last two of these functions. Two networks that form clusters are the
Carpenter/Grossberg classifier and Kohonen self-organizing feature mapper.

The first network architecture we have investigated is a Rumelhart-McClelland single
layer perceptron structure using three nodes. The network structure is given as follows.

Y1  Y2  Y3

Q 0

NEURAL NEURAL NEURAL
NODE NODE NODE

12 3

1 2 ~ 3 1  X 1 5 6:1 X2 3 4 5 6 1 2 3X

Figure 22. The architecture of a neural network that implements a detection algorithm for the

near real-time identification of SF96, DMMP, and/or DIMP.

Each node of the neural network determines on which side of a hyperplane an input
Mueller matrix lies. The Mueller matrix data from the subroutine RETRO indicates (with
added noise) scattering from various coating materials and unwetted surfaces, separated by a
hyperplane. The partitioning of the Mueller elements into classes is done at backscattering
angles and wavelength combinations most susceptible to the analyte. Those parameters are
obtained from the programs DETECT and DECIDE. Judicious initial choices for the connection
weights and thresholds into the network will yield the correct output at the onset of presenta-
tion of training data. Several sets (10-30 per backscatter angle-wavelength pair) of noisy data
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must be taken in order to obtain the standard deviation values for the Mueller elements.
These are required for selecting a good initial choice of connection weights and node thres-
holds.

This neural network model is coded in Fortran 77 and now running on a CRAY2 com-
puter facility. When implemented, it is capable of detecting SF96, DMMP, and DIMP. (Since
the three analytes can be identified using three different combinations of backscatter angle
and wavelength, the network requires three independent nodes.) The parameters in Figure 22
are defined as follows:

Yi = fk(Wjixj + e') (47)

For the output node 1, Y' is high (=1) if SF96 is present, and low (=0) otherwise. The output
of node 2(3), y 2(y 3) is high if DMMP(DMMP) is present, and low otherwise. The values wJ
are connection weights from inputs Xj to node i, 01 is the threshold at node i, and fA is a
hard limiting nonlinearity (fh -0 if the argument is negative, and 1 if positive.) The absolute
value of the jt Mueller element at the ia angle-wavelength combination is the network
input:

x1 - I f.. ONlei) 1 (48)

where j=l-.mn =11, j=2-mn =12, j=3-.mn =22, j=4-mn =33, j=5-.mn =34, and j=6-mn =44. To
be consistent with previous notations, i=l,2,3 designates detection of SF96, DMMP, and
DIMP respectively.

The connection weights wi and thresholds 0' can be adapted using a perceptron conver-
gence procedure38. The iterations required for w and 0 to converge can be reduced by using
the following initial values:

. -MX x . x(49a)
j Cbj

w . U(Xt,- X4j), (49b)

where u (.) is a unit step function, cri is the standard deviation of Mueller element j for the
unwetted (bare) surface, and inputs X;(t)j are the absolute values of the Mueller elements j for
unwetted (wetted) surfaces at the susceptible ,-0 values. Even though these initial w and e
choices near eliminate a need for training sessions, several sets of data are required to obtain
accurate values for ri.
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6.4 Initial Experimental and Theoretical Mueller Matrix Data Bases.
A thorough data base generated through the laboratory ellipsometer instruments and a

successful model, to interpret these data, will determine the sensitivities and limitations of
this technology toward solution of a particular detection problem. It will guide us in the selec-
tion of Mueller elements (as functions of backscattering angle, wavelength) that can identify
an analyte or class of compounds alone, spread across a background surface, or disseminated
as an aerosol. What can be done to filter in and enhance (optically or by mathematical algo-
rithms) information by the analyte? That will be answered after a full and reproducible data
base is produced, so that we can better understand the principles of polarized IR beam - sur-
face interactions. Once this technology is understood, and if it can be proven feasible, proto-
type sensors will be designed and applied toward a specific problem, like detecting an agent
wetting soil, a biological impurity in a specimen, an aerosol pollutant, an oxide growth on a
semiconductor surface, and so on. We present here the plan of an initial data base where the
goals are verification of model calculations and rapid detection of classes of analyte com-
pounds in situ.

6.4.1 Metals and Insulators of Known IR Refractive Index and Surface Geometry:
Validation of the Full Wave Model.

In Sections 5.2.1-5.2.4 and 6.3 we had discussed the Full Wave electromagnetic scatter-
ing theory, and how it can be applied toward: (1) initializing the ellipsometer sensor for max-
imum probability of a successful analyte detection, (2) simulation of the entire experimental
operation, and (3) fabricating a neural network discriminator. The theory, of course, would
have to be experimentally verified before these applications can be implemented. We have set
out to prove (or disprove) its predictions via a control set of scattering experiments from
aluminum, graphite, and other surfaces of known optical constants over the IR, and known
geometry (surface slopes and heights). (The surfaces are etched or sand blasted, and surface-
profiled in 3-dimensions by an interference-type instrument.) The general experimental pro-
cedure will involve scanning the entire range of backscattering angles over many of the laser
transitions, comparing results with model data such as those presented in Figures 16-18. The
University of Nebraska group (E. Bahar) is now expanding the Full Wave to include scattering
from multi-layered structures and non-isotropic scatterers. When the new versions of RETRO
code are written, predicted scattering signatures will be compared with data measured by this
ellipsometer sensor.

6.4.2 Biological and Controlled Substance Simulants.
The Mueller matrix ellipsometer produces a full optical description of the scatterer by its

response to a continuous span of linear and elliptical polarization states over selected frequen-
cies of the irradiating beams. The emphasis here is complete characterization of linear scatter-
ing processes. Spectroradiometers that measure absorption bands in collected radiance3 can-
not resolve molecularly similar compounds with overlapping extinction bands - compounds
that may have entirely different toxicity!! With phase-sensitive scattering, we would like to
test whether isomers (molecules of identical molecular weight but different group symmetry)
can be distinguished, for instance, through their dichroism signatures. Many biological com-
pounds contain segments that are chiral, thus the ability to distinguish between chirality has
applications of biological and contraband detection. The first sets of experiments to test this
uniqueness assertion will be conducted on the biological and controlled substance simulants
listed in Table 5. In it are compiled the scatterer's molecular formula, its strongest resonant
absorption over the IR, and the nearest ellipsometer laser energy to that absorption center
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frequency. Typically, three of the four lasers are tuned to a distinct absorption (analytical)
band and the fourth is off-tuned to a region of non-resonance in the analyte (reference). The
ratios of analytical to reference Mueller elements found most susceptible to the contaminant's
optical activity are then sought for making a detection decision.

6.4.3 Chemical Agent Simulants.

The experiments with liquid simulants of chemical agent are trained toward their strong
absorption bands, in some agents the P-0, C-O and P-O-C stretching vibrations are most
important. In these experiments, Mueller elements of the bare surface are measured. Next,
the analyte is ejected (via an aerosol deposition, to simulate and actual agent attack) in low
concentration, and Mueller elements remeasured. This continues on to higher concentrations
and element re-measurements. A pattern is established in the Mueller elements with concen-
tration of the analyte. Table 5 lists the absorption properties of four common agent simulants:
DMMP, DIMP, SF96, and DEP.

6.4.4 Interferents.

Interferents are all scatterers other than the analyte. The analyte scattering signal is usu-
ally a small superposition on the interferent scattering signal, and must be observed in the
differential resonance/non resonance Mueller elements for successful detections. Fortunately,
terrains (a sum of quartz, kaolinite, illite, montmorillonite and other minerals) are broader-
band absorbers of IR radiation and the analyte comounds have sharp extinction frequencies.
Other interferents such as diesel soots, fog oils, possess their own absorption moieties.
Thus, the susceptible Mueller elements can single out the analyte on a surface at the (very
narrow) laser line by adjusting the ellipsometer beams to the analyte's center extinction fre-
quencies, ratio these elements to those measured at a reference laser transition, then subtract
this result to the bare surface Mueller elements. In Table 5, the common minerals found in
soil are listed, all are broadband IR absorbers.
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Table 5. Candidates for characterization through select IR Mueller matrix sig-
natures. A data bank of Muellor elements is established per absorption
wavelength (plus a minimum of one reference laser wavelength) over all back-
scattering angles, and organized in a computer file similar to this table's for-
mat. The major absorption bands by each material are listed, as are their
nearest matching laser line over the ellipsometer's 4-laser bandwidth (see
Appendix I).

Scatterer Formula Major Nearest Laser Line Comment
Vibration to the Scatterer's Vibrational Frequency

(CM 1) Transition Freq. (CM- I) Band Type Laser

Chiral
Organics(Biological

Simulant
Analytes)

D-(-)-Arabinose CsHIO s  842.7 P(28) 842.79 0001_100 C1"O26

892.5 P(26) 891.57 001.10o C13016

R(36) 892.04 0001_1O0 0 C14O)'
1000.6 P(64) 1000.82 001-020 Cu2OG2

P(20) 1000.65 0001-0200 C30216

R(26) 1000.95 00°1-0200 C14O1 6

1052.4 P(14) 1052.20 0O01-0200 C12016

P(40) 1052.26 0001-0200 Cu2O s

DL-Alanine C3H 7NO2  852.0 P(16) 853.2 0001-1000 C14 0)16

Monohydrate

D-Alanine C 3 H 7 NO 2  850.6 P(18) 851.50 0001-1000 C14O 1 6

DL-Aspartic Acid C 4 H7N0 4  1073.1 R(12) 1073.28 0001-0200 C22016

P(14) 1073.58 0001-0200 C'O2 02

L-Aspartic Acid C 4HN0 4  1045.9 P(22) 1045.02 0001-0200 C12 01'

P(48) 1045.08 0001 0 2 0  C12(o °

(-)-Atropine C17H2NO3  %7.3 R(8) %7.71 00o1_.1000 C12 016

Sulfate P(18) %7.45 0001-0200 C14O?'6

Monohydrate 1023.8 P(44) 1023.19 0001-0210 C' 2 16

R(6) 1022.93 001-O200 C1 301
1073.9 R(12) 1073.28 00°1-2 00 C12O1'

P(14) 1073.57 0001-020 0 C 2 6
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Table 5 - continued.

Scatterer Formula Major Nearest Laser Line Comment

Vibration(s) to the Scatterer's Vibrational Frequency

(CM- !) Transition Freq. (cm-') Band Type Laser

(lR)-(+Camphor CI*HI60 853.5 P(16) 853.2 00011000 C1'0 2
1

935.0 P(30) 934.89 0001_1000 CUO 6  + VCD (strong)
P(38) 935.89 0021-1000 C"Oj
R(30) 935.14 001--1000 C 3 0216

1045.3 P(22) 1045.02 0001-0200 C2O2 - VCD(strong)

P(48) 1045.08 0001-0200 CUO21

(1S)-(-)-Camphor CioH160 934.9 P(30) 934.89 0001-000 C12016

P(38) 935.89 0021-1000 C'O
R(30) 935.14 0001-1000 C1O3 '

1045.3 P(22) 1045.02 0001-0200 C12(O1

P(48) 1045.08 0001- 0 2 00  C'~ s

(")-Camphor CII, 16O 1045.1 P(22) 1045.02 0001-0200 C 2 10 6

P(48) 1045-08 0001-0200 C12 O)

L-Cysteine C3HNO2S 867.2 R(4) 869.96 0001-1000 C14012
1064.8 R(0) 1064.51 0001-0200 CUO '

P(26) 1064.13 00°1-0200 CUO1

D-(-)-Fructose C*HuO 978.2 R(24) 978.47 0001_1000 C10 6

R(18) 978.89 0001-1000 C12021

P(8) 976.21 0001- 0 20 0  C14O16
1079.6 R(22) 1079.85 0001-0200 C1O2 6

P(6) 1079.49 0001 0 2 C0 c 2(O)

D-Glucose C6HO6 83.7 P(32) 839.20 0001-1000 C1401 6

Anhydrous 995.7 R(56) 995.07 0001-1000 CUOi2
P(26) 994.99 0001 0 2o0  C 3016'
R(16) 994.82 0001 0200 C14021

1024.1 P(44) 1023.19 0001 0 200  C12O 6

R(8) 1024.37 00010200 c1 16

L-Histidine C6H 7N302 924.5 P(40) 924.97 0001-100 C12 01 6

R(14) 924.53 0001-1000 C13016

Glyc-ne C2HNO2  893 P(26) 891.57 0001-100 C3O36

912 P(54) 907.77 0 0 °1 . 1000  CU'O '
936 P(2) 936.80 0001-1000 CU01'

P(39) 935.8 0001-100 C12 08
R(32) 936.37 0001-1000 C13026

1033 P(34) 1033.46 000102o0 CU'2 1
P(58) 1035.70 000-1020 CWOI'
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Table 5 - continued.

Scatterer Formula Major Nearest Laser Line Comment
Vibration(s) to the Scatterer's Vibrational Frequency

(Cnf1 ) Transition Freq. (cm- 1 ) Band Type Laser

S-(-)-Limonene C1 HI56 887.1 P(30) 887.92 0001 IOO C13 01 6

R(28) 886.93 O0l-o00 C240, '  + VCD (strong)
914.2 P(50) 914.42 0001_1000 C22 + VCD (weak)

R(4) 917.25 0001-1000 C 13 0 6

1051.4 P(16) 1050.44 0001-'0200 C' 2 01 6  VCD (very weak)

P(42) 1050.49 0001-0200 CU021S

D-Mannose C6HUO 6  969.9 R(10) 969.14 0001-100 CUOI'
R(4) 970.33 0001-1000 ClO2a

P(16) 969.26 001--0200 C1 4O2 6

1040.0 P(28) 1039.37 0001- 0200  CU0I6

P(54) 1039.50 0001-0200 C12O21
R(32) 1039.38 0001- 0200  C13 O16

D(-)-Ribose CSH1 O S  911.7 P(54) 907.77 0001-1000 C1 201 6

959.0 P(2) 959.39 0 0 01 1 0 00  C12016

P(10) 959.71 0001-100 C12 O11
P(26) 959.90 0001-0200 C14O16

1037.0 P(30) 1037.43 0001- 0 2 00  C120)1
P(56) 1037.61 001o-02 00 C12O s

R(28) 1037.17 0001_0200 C1306

L-(-)-Sorbose C6HuO6  820.2 P(48) 824.17 0001-1000 C24 01 6

883.1 P(34) 884.18 0001-100 C 3 0' 6

R(22) 882.91 0001--100 C14(I
991.8 R(48) 991.57 0001-1000 CO2'

R(44) 991.27 0001-1000 C13 O2
P(30) 991.07 0 001 -0 2 °0  C130 6

R(10) 990.79 00°1-0200 C14O(16

1047.9 P(18) 1048.66 001o-02°0 C12016

P(44) 1048.71 00°1-02D0 C1202

L-Serine C3H7NO 3  1013.1 P(52) 1014.52 000102°0 C1O2 '

L-Threonine C 4 HNO3  936.2 P(28) 936.80 0001-1000 C 20 1'
P(38) 935.89 0001-100 CUOII
R(32) 936.37 0001-1000 C13016

1041.1 P(26) 1041.28 0001- 0 200  C1O2 '
P(52) 1041.38 0001-0200 CO21
R(36) 1041.48 001-0200 C10'
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Table 5 - continued.

Scatterer Formula Major Nearest Laser Line Comment
Vibration(s) to the Scatterer's Vibrational Frequency

(fl - 1) Transition Freq. (Cm - 1) Band Type Laser

L-Tyrosine CoHIN0 3  841.3 P(30) 841.00 0001--1000 C 16

DL-Tartaric Acid C4̂ IO6 1094.9 R(16) 1094.76 0001-0200 CUO

L-Tartaric Add C 4 H60 6  943.0 P(22) 942.38 001-.100 C12 02 6

Hydrate P(30) 943.23 0001-100 CUO22
R(44) 943.34 0001-100 C1O31

1087.8 R(36) 1087.95 001-0200 CO1o 6

R(4) 1087.11 0 001- 0 2 00  C'O'2

D-Tartaric Acid CJH4 0 6  943.3 P(22) 942.38 0001-1000 C20216

P(30) 943.23 0001-1000 CUo21
R(44) 943.34 0001-1000 C13021

1087.8 R(36) 1087.95 0001-02o0 CUO22
R(4) 1087.11 0001- 0 200  CU0216

D.(+)-Xylose CsH oOs 903.7 P(60) 903.21 000141000 C 21'OI

934.2 P(30) 934.89 0001-1000 CU 2 16

P(38) 935.89 0°I-i100o CuOll
R(30) 935.14 00-100 C13016

1039.8 P(28) 1039.37 0001-0200 C' 2 O 6

P(54) 1039.50 001o-02°0 C102
R(32) 1039.38 0001-0200 C130216

D.(-)-Xylose CqH190 5  903.6 P(60) 903.21 001-'11000 CU1 6

934.1 P(30) 934.89 001-.100 CU016
P(38) 935.89 0001-100 CUOIO?

R(30) 935.14 0001-1000 C1O31

1039.8 P(28) 1039.37 0001-0200 C 2O~s

P(54) 1039.50 0001-. 0 2 00  CU16

R(32) 1039.38 0001 -0200 C13O1'

L-Tryptophan C1 1HuN2O2  1005 P(60) 1005.48 0001-0200 C 2 16

P(16) 1004.28 001-0200 C O '

R(34) 1005.31 0001-0200 C401'
918.0 P(46) 918.72 0001-1000 C' 2

R(6) 918.74 001-1000 C 3 01 6
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Table 5 - continued.

Scatterer Formula Major Nearest Laser Line Comment
Vibration(s) to the Scatterer's Vibrational Frequency

(Cm - 1) Transition Freq. (CMn- 1) Band Type Laser

Chemical
Agent

Simulant
Analytes

Dimethyl- CH3PO(OCH3)2  1049 P(18) 1048.66 0001-.0200 CUO 6  C-o stretch
methyl- P(44) 1048.71 001-.0200 C' 2 P

phosphonate 1061 P(4) 1060.57 0001-.0200 CU2 O' C-o stretch

(DMMP) P(30) 1060.84 0001--0200 CUO2
1072 R(10) 1071.88 0001-0200 C1202 c-O stretch

P(14) 1073.58 0 0 1-0200 CUO2

Diisopropyl- CH3PO(OCH(C!3)2 995 R(56) 995.07 0001-.000 C 2 1' P-0-C Vib

methy- P(26) 994.99 0001,-.200 C1 3016

phosphonate R(16) 994.82 C'V01-0200 C1401 6

(DIMP) 1014 P(52) 1014.52 0010200 CU 16 (P-o-) vib

Polydimethyt- [-Si(CH3)20-1, 1034 P(34) 1033.48 0001-020 CU'0? (Si-O-Si) vib
siloxane (SF96) P(58) 1035.70 001-0200 C12 O)I

R(24) 1034.83 0001-0200 C23016

1092 R(46) 1092.96 0001-0200 CUO2 6  (Si-O-Si) vib
R(12) 1092.29 0001 -0200 CU 2 1

Diethyl- CuH4O4  1017.7 P(50) 1016.72 0001-.0200 CUO6'
Phthalate 1073.6 R(12) 1073.28 0001-'.0200 CU026

(DEP) P(14) 1073.58 0001-0200 C'O $2

Controlled
Substance
Simulants
(Analytes)

Methyl- C#Hs0 2  1027.3 P(40) 1027.38 001-0200 C1O1
Denaoate R(12) 1027.16 00014-02o0 C"O1

Methyl- C3HO 2  1348.2 P(18) 1048.66 0001-2020 C'2 0
Acetate P(44) 1048.71 0001-O200 Cuo'0

Atropine 9id
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Table 5 - continued.

Scatterer Formula Major Nearest Laser Line Comment
Vibration(s) to the Scatterer's Vibrational Frequency

(Cm 1) Transition Freq. (CM- 1) Band Type Laser

Scopolamine C1 ,HnNO4  1046.9 P(20) 1046.85 0001-.0200 CIL22

Hydrobromide P(46) 1046.90 0001-.0200 C1201M

hydrate

Tropine CHsNO 1047.4 P(20) 1046.85 0001 -0200 CL2 01 6

P(46) 1046.90 0001-0O200 C12018

3-Azabicydo- CHsN 1079.4 R(20) 1078.59 0001-.0200 C 201 6

13.2.2] nonane P(6) 1079.49 0001-.20 CIL202

Benztropine C2IH2sNO 1050.1 P(16) 1050.44 0001-020 0 CU 6

Mesylate P(42) 1050.49 0001-0200 C12OI2

Nipecotic qHl1 N0 2  1067.1 R(4) 1067.54 00010200 C12O16

Acid P(22) 1067.36 0001-0200 C12O1

Piperidine CsH,,N 1051.2 P(16) 1050.44 0001-020 C12 016

P(42) 1050.49 0001-.0 200  C12Os2

Ethyl- CSHINO 2  1047.3 P(20) 1046.85 001-0200 Ct'f2

Pipecolinate P(46) 1046.90 0001-0200 C1201

Ethyl- CgH NO 2  1045.7 P(22) 1045.02 0001-0200 C12 016
Isonipecotate P(48) 1045.08 00010200 CUO'

Soff
(Inter-

33% Mont- AII.7M M
morillonite [(OH)1 SiO 10 ]

Nao-3f(H20) 4
33% Kaolin AIW(OH)ZASi 3010
3 mite (K, H30) Al2

(OH) jAISi3 0 1,
1040 (-t3) P(28) 1039.37 0001-0200 C120?'

P(54) 1039.50 0001-0200 C12 01
R(32) 1039.38 0001-0200 C1301'
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7. CONCLUSION

A foundation for applying Amplitude and Phase Sensitive Light Scattering (APSLS) tech-
nology toward solution of remote detection problems involving chemical and biological con-
taminants spread across various surfaces was presented. We are currently proceeding with
developing an experimental data base of Mueller matrix elements, and will soon compare
these data to theoretical predictions as part of a feasibility study. If these laboratory tests
prove that contaminants on a surface can be successfully detected at a distance through selec-
tive sets of differential (on-then-off molecular resonance by the analyte) Mueller elements,
then development of a prototype sensor can begin. With the data base in hand, optimization
of hardware and software components in these ellipsometer systems can lead to a simplified
prototype system e.igineered to a specific class of contaminant compounds.

The potential exists for extending this technology toward solution of other identification
and classification problems of interest to the Department of Defense, environmental agencies,
academia, and private industry. We will undoubtedly realize and incorporate n ver and
better hardware and software modifications into the present instrument designs for these
expanded applications.

Work proceeds on analysis of special Mueller elemental features in beam wavelength
and angle orientation that can uniquely represent the analyte (in situ), and once presence is
established, quantify it. All susceptible Mueller elements will be scrutinized from oblique-to-
normal backscattering polar angles, and over the instrument's laser bandwidth spanning 9.1 -
12.2 Am: the mid IR 'fingerprint' region of many important biological and chemical com-
pounds.

Methods of data processing will be improved, including a neural network architecture
with pattern recognition algorithm that will likely be integrated into the ellipsometer's analog
data acquisition unit. We will continue to study and improve on our methods of analysis of
the Mueller field of elements, as we become more familiar with the technology. Future
reports will provide updated progress as we complete debugging the software and hardware
instrument components, as the digital data acquisition comes on-line, and as quantitative data
becomes available. Revisions on the Full Wave theory to include scattering from non isotro-
pic, many-layered, rough surfaces will be reported later, as will absorption and VCD predic-
tions of complex analyte molecules via the quantum chemistry models.

The end goal of this program is to collect and analyze a comprehensive data base on
CBW simulants on surfaces, from it identify the crucial polarization, angle, and wavelength
parameters that will specify a less complex engineered prototype version of the experimental
system, then development and engineering of that sensor.
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APPENDIX I. EMISSIONS FROM CO2 PROBE LASERS

The following data are reproduced from the Handbook of Laser Science and Technol-
ogy, Marvin J. Weber, CRC Press, Inc. 1982. The laser emissions shown span all allowable
wavelength outputs from the ellipsometer's four laser sources. Band nomenclature is of the
form (v1,V2,V 3), where v, and v3 are quantum numbers specifying stretching modes, and v2 is
a quantum number for the bending mode of the linear triatomic CO2 molecule. The vibra-
tional angular momentum quantum number is specified by 1. P(J) and R(J) are vibrational-
rotational transitions of the types (v+1,J-1) - (v,J) and (v+1,J+1) - (v,J), respectively,
where J is the rotational quantum number. For further details, see the standard text by
Herzberg.2 ° Each of the ellipsometer's four laser sources can produce between 45 and 75 dis-
tinct spectral emissions, most with sufficient power for MCT detection of scattered light from
surfaces at ranges to 2= 100 meters at oblique scattering angles and f/10 receiver optics.
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ADendlx I

LASER BAND TRANSMTON WAVELENGTH FREQUENCY

C120 216 0O1 -. 0200 R(62) 9.09349 1099.6872
R(60) 9.09976 1098.9301
R(58) 9.10623 1098.14940
R(56) 9.11291 1097.344886
R(54) 9.11979 1096.516356
R(52) 9.12689 1095.663612
R(50) 9.13420 1094.786462
R(48) 9.14173 1093.884721
R(46) 9.14948 1092.958211
R(44) 9.15745 1092.006758
R(42) 9.16565 1091.030196
R(40) 9.17407 1090.028367
R(38) 9.18273 1089.001119
R(36) 9.19161 1087.948306
R(34) 9.20073 1086.869791
R(32) 9.21009 1085.765445
R(30) 9.21969 1084.635145
R(28) 9.22953 1083.478778
R(26) 9.23961 1082.296237
R(24) 9.24995 1081.087426
R(22) 9.26053 1079.852255
R(20) 9.27136 1078.590644
R(18) 9.28244 1077.302520
R(16) 9.29379 1075.987820
R(14) 9.30539 1074.646490
R(12) 9.31725 1073.278484
R(10) 9.32937 1071.883766
R(8) 9.34176 1070.462308
R(6) 9.35441 1069.024093
R(4) 9.36734 1067.539110
R(2) 9.38053 1066.037360
R(0) 9.39400 1064.508853

P(2) 9.41472 1062.165965
P(4) 9.42889 1060.570666
P(6) 9.44333 1058.948714
P(8) 9.45805 1057.300161

P(10) 9.47306 1055.625068
P(12) 9.48835 1053.923503
P(14) 9.50394 1052.195545
P(16) 9.51981 1050.441282

-103-



Appendix I

LASER BAND TRANSION WAVELENGTH FREQUENCY

CU0 2
1'6 0001 - 0200 P(18) 9.53597 1048.660810

P(20) 9.55243 1046.854234
P(22) 9.56918 1045.021670
P(24) 9.58623 1043.163239
P(26) 9.60357 1041.279074
P(28) 9.62122 1039.369315
P(30) 9.63917 1037.434110
P(32) 9.65742 1035.473616
P(34) 9.67597 1033.487999
P(36) 9.69483 1031.477430
P(38) 9.71400 1029.442092
P(40) 9.73348 1027.382171
P(42) 9.75326 1025.297865
P(44) 9.77336 1023.189375
P(46) 9.79377 1021.056912
P(48) 9.81450 1018.900693
P(50) 9.83554 1016.720942
P(52) 9.85690 1014.517888
P(54) 9.87858 1012.291767
P(56) 9.90057 1010.042823
P(58) 9.92289 1007.771302
P(60) 9.94552 1005.47746
P(62) 9.96849 1003.1615
P(64) 9.99177 1000.8238
P(66) 10.01538 998.4646

0001 - 1000 R(62) 10.02591 997.41550
R(62) 10.02591 997.41550
R(60) 10.03347 996.66441
R(58) 10.04132 995.884686
R(56) 10.04948 995.076610
R(54) 10.05793 994.240442
R(52) 10.06668 993.376427
R(50) 10.07572 992.484803
R(48) 10.08506 991.565748
R(46) 10.09469 990.619630
R(44) 10.10462 989.646506
R(42) 10.11484 988.646626
R(40) 10.12535 987.620181
R(38) 10.13616 986.567352
R(36) 10.14725 985.488312
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Appenedix T

LASER (BAND TRANSrrON jWAVELENGrH FREQUENCY

C12 01' 00"1 'CP10O R(34) 10.15865 984.383226
R(32) 10.17033 983.252249
R(30) 10.18231 982.095531
R(28) 10.19458 980.913211
R(26) 10.20715 979.705421
R(24) 10.22001 978.472286
R(22) 10.23317 977.213922
R(20) 10.24663 975.930439
R(18) 10.26039 974.621939
R(16) 10.27445 973.288517
R(14) 10.28880 971.930258
R(12) 10.30347 970.547244
R(10) 10.31843 969. 139547
R(8) 10.33370 967.707233
R(6) 10.34928 966.250361
R(4) 10.36518 964.768982
R(2) 10.38138 963.263140
R(0) 10.39790 961.732874

P(2) 10.42327 959.391745
P(4) 10.44059 957.800537
P(6) 10.45823 956.184982
P(8) 10.47619 954.545087

P(10) 10.49449 952.880850
P(12) 10.51312 951.192264
P(14) 10. 53209 949.479314
P(16) 10.55140 947.741979
P(18) 10.57105 945.980230
P(20) 10.59104 944.194030
P(22) 10.61139 942.383336
P(24) 10.63210 940.548098
P(26) 10.65316 938.688257
P(28) 10.67459 936.803747
P(30) 10.69639 934.8944%6
P(32) 10.71857 932.960421
P(34) 10. 74112 931.001434

4P(36) 10.76406 929.017437
P(38) 10.78739 927.008325
P(40) 10.81111 924.973985
P(42) 10.83524 922.914294

4P(44) 10. 85978 920.829123



Appendix T

LASER BAND TRANSMON WAVELENGTH FRE~QUENCY
m cnr1

C 2O ' 0° - 1000 P(46) 10.88473 918.718331
P(48) 10.91010 916.581770
P(50) 10.93590 914.419283
P(52) 10.96214 912.230703
P(54) 10.98882 910.015853
P(56) 11.01595 907.774549
P(58) 11.04354 905.50659
P(60) 11.07160 903.21177
P(62) 11.10014 900.88992
P(64) 11.12915 898.54082
P(66) 11.15867 896.1643
P(68) 11.18868 893.7602

CU2 O S  0001 - 0200 R(50) 8.98767 1112.635004
R(48) 8.99495 1112.635004
R(46) 8.99495 1111.735484
R(42) 9.00238 1110.817288
R(44) 9.00998 1109.880340
R(42) 9.01775 1108.924564
R(40) 9.02568 1107.949890
R(38) 9.03378 1106.956250
R(36) 9.04205 1105.943579
R(34) 9.05050 1104.911817
R(32) 9.05911 1103.860906
R(30) 9.06790 1102.790794
R(28) 9.07687 1101.701429
R(26) 9.08601 1100.592768
R(24) 9.09533 1099.464767
R(22) 9.10484 1098.317390
R(20) 9.11452 1097.150603
R(18) 9.12438 1095.964378
R(16) 9.13443 1094.758688
R(14) 9.14467 1093.533515
R(12) 9.15509 1092.288842
R(10) 9.16570 1091.024658
R(8) 9.17649 1089.740957
R(6) 9.18748 1088.437736
R(4) 9.19866 1087.114998
R(2) 9.21003 1085.772750

P(2) 9.23931 1082.331864

-106-



Appendix T

LASER BAND TRANSMON WAVELENGTH FREQUENCY

C12 01 00°1 - 0200 P(4) 9.25137 1080.921457
P(6) 9.26362 1079.491631
P(8) 9.27607 1078.042418

P(10) 9.28873 1076.573857
P(12) 9.30158 1075.085991
P(14) 9.31464 1073.578866
P(16) 9.32790 1072.052534
P(18) 9.34137 1070.507051
P(20) 9.35504 1068.942477
P(22) 9.36892 1067.358878
P(24) 9.38301 1065.756323
P(26) 9.39730 1064.134886
P(28) 9.41181 1062.494644
P(30) 9.42653 1060.835680
P(32) 9.44146 1059.158080
P(34) 9.45661 1057.461932
P(36) 9.47196 1055.747333
P(38) 9.48754 1054.014378
P(40) 9.50333 1052.263168
P(42) 9.51933 1050.493809
P(44) 9.53556 1048.706409
P(46) 9.55200 1046.901078
P(48) 9.56866 1045.077932
P(50) 9.58555 1043.237087
P(52) 9.60265 1041.378663
P(54) 9.61998 1039.502785
P(56) 9.63754 1037.609577
P(58) 9.65531 1035.699167

0001 - 1000 R(44) 10.08328 991.274098
R(42) 10.09604 990.487703
R(40) 10.10435 989.673232
R(38) 10.11295 988.830811
R(36) 10.12186 987.960562
R(34) 10.13107 987.062600
R(32) 10.14058 986.137035
R(30) 10.15039 985.183973
R(28) 10.16050 984.203513
R(26) 10.17091 983.195749
R(24) 10.18163 982.160770
R(22) 10.19265 981.098661
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Aptenr1ix I

LASER BAND TRANSmON WAVELENGTH J FREQUENCY

c 20 6  0001 - 100 R(20) 10.20398 980.009499
R(18) 10.21562 978.893358
R(16) 10.22756 977.750307
R(14) 10.23981 976.580410
R(12) 10.25238 975.383724
R(10) 10.26525 974.160302
R(8) 10.27844 972.910195
R(6) 10.29195 971.633444
R(4) 10.30577 970.330089

P(6) 10.38759 962.687339
P(8) 10.40354 961.211656

P(10) 10.41982 959.709502
P(12) 10.43644 958.180873
P(14) 10.45341 956.625761
P(16) 10.47072 955.044153
P(18) 10.48838 953.436031
P(20) 10.50639 951.801372
P(22) 10.52476 950.140149
P(24) 10.54349 948.452326
P(26) 10.56259 946.737867
P(28) 10.58205 944.996728
P(30) 10.60188 943.228860
P(32) 10.62209 941.434209
P(34) 10.64268 939.612716
P(36) 10.66366 937.764316
P(38) 10.68503 935.888939
P(40) 10.70679 933.986510
P(42) 10.72896 932.056949
P(44) 10.75153 930.100167
P(46) 10.77451 928.116074
P(48) 10.79792 926.104570

C OI' 0001 - 0200 R(36) 9.60169 1041.483334
R(34) 9.61126 1040.446675
R(32) 9.62110 1039.381840
R(30) 9.63123 1038.288700
R(28) 9.64165 1037.167135
R(26) 9.65235 1036.017032
R(24) 9.66335 1034.838287
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LASERI BAND TRANSITION, WAVELENGTH FREQUENCY

2 00°1 -- 0200 R(22) 9.67463 1033.630806
R(20) 9.68622 1032.394502
R(18) 9.69810 1031.129298
R(16) 9.71029 1029.835128
R(14) 9.72278 1028.511931
R(12) 9.73558 1027.159658
R(10) 9.74870 1025.778270
R(8) 9.76212 1024.367737
R(6) 9.77586 1022.928037
R(4) 9.78992 1021.459160

P(6) 9.87304 1012.859224
P(8) 9.88923 1011.201098

P(10) 9.90576 1009.514024
P(12) 9.92262 1007.798072
P(14) 9.93983 1006.053323
P(16) 9.95738 1004.279869
P(18) 9.97528 1002.477810
P(20) 9.99353 1000.647256
P(22) 10.01213 998.788325
P(24) 10.03108 996.901145
P(26) 10.05039 994.985854
P(28) 10.07006 993.042598
P(30) 10.09009 991.071531
P(32) 10.11048 989.072816
P(34) 10.13123 987.046625
P(36) 10.15235 984.993138
P(38) 10.17385 982.912542

0001 - 1000 R(44) 10.60063 943.340303
R(42) 10.61310 942.231411
R(40) 10.62585 941.101238
R(38) 10.63886 939.949924
R(36) 10.65215 938.777604
R(34) 10.66571 937.584403
R(32) 10.67953 936.370443
R(30) 10.69363 935.135838
R(28) 10.70801 933.880687
R(26) 10.72265 932.605121
R(24) 10.73757 931.309207
R(22) 10.75277 929.993046
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Appendix I

LASER BAND TRANSITION WAVELENGTH FREQUENCY
Lm [ cm-1

C 2O01 0001 - 100 R(20) 10.76824 928.656723
R(18) 10.78399 927.300318
R(16) 10.80002 925.923906
R(14) 10,81634 924.527554
R(12) 10.83293 923.111328
R(10) 10.84981 921.675286
R(8) 10.86697 920.219482
R(6) 10.88443 918.743964
R(4) 10.90217 917.248777

P(4) 10.98566 910.277955
P(6) 11.00503 908.675151
P(8) 11.02472 907.052844

P(10) 11.04471 905.411040
P(12) 11.06501 903.749742
P(14) 11.08563 902.068947
P(16) 11.10656 900.368647
P(18) 11.12782 898.648830
P(20) 11.14940 896.909477
P(22) 11.17131 895.150565
P(24) 11.19534 893.372066
P(26) 11.21612 891.573944
P(28) 11.23903 889.756160
P(30) 11.26229 887.918669
P(32) 11.28590 886.061419
P(34) 11.30986 884.184353
P(36) 11.33418 882.287407
P(38) 11.35885 880.370512
P(40) 11.38390 878.433591
P(42) 11.40932 876.476562
P(44) 11.43511 874.49933
P(46) 11.46129 872.50181
P(48) 11.48786 870.48389

c 2~
1 'o 6  0001 - 0200 R(40) 9.91788 1008.280282

R(38) 9.92733
R(36) 9.93709 1006.330912
R(34) 9.94715 1005.312772
R(32) 9.95753 1004.265463
R(30) 9.96821 1003.188845
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LASER BAND TRANSITON WAVELENGTH FREQUENCY
Pm cm-1

C1402' 0001 - 0200 R(28) 9.97922 1002.082785
R(26) 9.99054 1000.947161
R(24) 10.00218 999.781858
R(22) 10.01415 998.586771
R(20) 10.02645 997.361804
R(18) 10.03908 996.106870
R(16) 10.05205 994.821893
R(14) 10.06536 993.506806
R(12) 10.07900 992.161553
R(10) 10.09300 990.786087
R(8) 10.10734 998.380373
R(6) 10.12203 987.944385

P(8) 10.24370 976.209763
P(10) 10.26149 974.516934
P(12) 10.27967 972.794124
P(14) 10.29822 971.041421
P(16) 10.31716 969.258921
P(18) 10.33649 967.446731
P(20) 10.35620 965.604971
P(22) 10.37631 963.733766
P(24) 10.39681 961.833254
P(26) 10.41771 959.903583
P(28) 10.43901 957.944909
P(30) 10.46072 955.957396
P(32) 10.48283 953.941220
P(34) 10.50534 951.896562
P(36) 10.52827 949.823614

00°1 - 100 R(50) 11.10699 900.33358
R(48) 11.12097 899.20226
R(46) 11.13520 898.05318
R(44) 11.14968 896.88643
R(42) 11.16443 895.70211
R(40) 11.17943 894.50031
R(38) 11.19468 893.28113
R(36) 11.21020 892.04463
R(34) 11.22598 890.79092
R(32) 11.24202 889.52005
R(30) 11.25832 888.23212

* R(28) 11.27488 886.92718
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LASER BAND TRANSITON WAVELENGTH FREQUENCY

C 2
401' 00°1 - 100 R(26) 11.29171 885.60530

R(24) 11.30881 884.26654
R(22) 11.32617 882.91098
R(18) 11.36170 880.14964
R(16) 11.37988 878.74397
R(14) 11.39833 877.32170
R(12) 11.41705 875.88288
R(10) 11.43605 874.42754
R(8) 11.45533 872.95574
R(6) 11.47490 871.46751
R(4) 11.49474 869.96288

P(6) 11.60907 861.39566
P(8) 11.63081 859.78513

P(10) 11.65286 858.15839
P(12) 11.67521 856.51545
P(14) 11.69787 854.85631
P(16) 11.72084 853.18100
P(18) 11.74413 851.48950
P(20) 11.76773 849.78182
P(22) 11.79165 848.05797
P(24) 11.81589 846.31794
P(26) 11.84046 844.56172
P(28) 11.86536 842.78930
P(30) 11.89060 841.00067
P(32) 11.91617 839.19581
P(34) 11.94209 837.37471
P(36) 11.96835 835.53734
P(38) 11.99496 833.68367
P(40) 12.02192 831.81368
P(42) 12.04925 829.92733
P(44) 12.07694 828.02458
P(46) 12.10499 826.10540
P(48) 12.13342 824.16974
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APPENDIX II. SYSTEM4 TO SAMPLE MUELLER MATRIX TRANSFORMATION:- 3-MIRROR
GONIOMETER TYPE EWLPSOMETER FOR IN-S ITt! ANALYSES OF POROUS SURFACES.
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APPENDIX I. SYSTEM TO SAMPLE MUELLER MATRIX TRANSFORMATION: 3-MIRROR
GONIOMETER TYPE ELLIPSOMETER FOR IN-SITU ANALYSES OF POROUS SURFACES.

The sixteen equations that follow decouple Mueller matrix elements of the scattering
sample (fi,) from system matrix elements (Equation 6b, *ij) generated by the ellipsometer facil-
ity of Figure 4a. The total scattering signal includes contributions from the sample and four
flat mirrors oriented at 450 incidence, and positioned between transmission- and collection-
beam PEM modulators.

Elements bii, cii , and dii are experimental calibration data as measured from the confi-
gurations schematically drawn in Figure 10, and 0 is the angle of backscattering subtended by
the goniometer arm. MACSYMA, an interactive symbolic mathematical program, was used in
determining the product of the ten 4X4 matrices of Equation 6b, and in producing the Fortran
code of the following equations for use in the ellipsometer's data acquisition system.

It suffices, from the experimental complexity and uncertainty of this calibration pro-
cedure, that an optical redesign that self-compensates all mirror elements is more practical as
a means of accomplishing sample Mueller element measurements from terrestrial surfaces.
(See Section 4.6.4.)
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Appendix II

11i *12 *13 *14' Y(11 f 1 f 13 fi 1'I
1*21 *22 *23 *24 1f2l f22 f23 f241
1*31 *32 *33 *34 1f3 f32 f33 f34
'*41 *42 *43 *44, fl 4f42 f 4 3 f",)

f44(o) =*44

f 43() =-* 42sin(20)-4s43cos(20)
b33d33

bii*43sin(20)+bi* 42cos(20)b 12* 1

1b2 ?11)X33

f4()=b 12*43sin(20)+b1 24542COS(20)-b1 *4 ,

f 34(0) z[((cj24j 2-cjldi)d3 3* 4+(cd 2.. l2 d Il)d33*14)Sin(20)+(c33i?2

C33d 2I )*34cos(20)J
(b33C33d 2 -b33C33d 2 )d3

f 33(0) =-[((cizdir-cidi)d 33*n+(cuidl,-ci2d i,)d 3 12)sin2(2 )+((C3  ?2-

c3yd?, )*3+(ciidl,,xd 33*, +(c,2dui-cl1d 12)d33*13)cos(20)sin(20)+

(C33d? 2 _C3d )*33COS2(20)J

(b33d 2 b33C33d2i )d33
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Appendix 11

b12c11d 12)d3,* 11)sin(20)+(b11c~, 241 cI )bIC3 2 co 2 2

(b, 2c&d?1 4 12C33d?2 )*31COS(20)J

((b' 4? 1 )C33d 2 +(b2~ _b2 )C3sd1 )d33

12 c11d12c 11 12 )d 3 1

f 31(e) = [((bcc~d 12- clid ?l )d* 3 n(b 2)+((( 12- c d I~ 33 - 3sn22

((b1~ 2 b2 )CL 2 +bc 34 d,)

11 12 16t



Arpenc~ix II

b 1c, 1 2 ~1 )cs2)+b11 cd 41 11 ~d 2 'i

*~~1 ((bicc 2di2 bIC?2 dilnbiIC 2iicidu-*3bucid,,-

(biici~d2 ,3iicosdii)d~+(b2C~ICdi2 4i 2ciici32i~ 3 *ics2

f() (bl~cic,, 2 41 c11cd? )4 2+bi,2,-b~lc2,)33sin(20)+((b~ic~?

f .O)=-(c1b,d 2 i-bclcd)dMsin2O+((icl,c2d 11-bc 2 d 2)d3 a124 O

it 11-127-



Appendix 11

f(Cl2CUdl _Cl2C33d2 2(26)+(((Cl2C33d2 _Cl2C33d2 )*33+

13(a) 12 10*32,sin 11 12

(ClIC12dll-<122dl2)d3a*22+(CI22dll-ClIC12dl2)d33*12)cc)s(20)+
(C2 12_CIIC12dll)d3,3*22+(CIIC,2d,2_C2

lid Idll)d3,3*12)sin(20)+

((CI22d]r<IIC12dll)d33*23+(C]IC12d]2-C,22d,,)d33*13)cc)sl(20)+

2 12)d33#23+(C2
((ClIC12d,,-clld lid,,-cllc,2dl2)d33*13)COS(20)]

((b33C2 _b33C2 )d2 33C 2 _b &IC 2 )d 2 )d 33
12 11 12 +(b 11 12 11

12(o) [(b lIC12C33d2 _bIC12C33d2 )*33sin2(20)+(((b lIC12C33d2
12 11 12-

.d2 )*32+(blicilc,2dll-blIC12dl2)d33*23+(bllc,2d,,-

blicilc,2dl2)d33*13)C'DS(20)+(bl2Cl2C33d2 -bl2Cl2C33d2
11 12 A31 +

2(blicild,2-blcilc,2d,,)d33*23+(blcllc,2,d,2-

b 2licildll)d33*13)Sin(20)+((bilclic,2d,1411CI22dl2)d33*22+
)COS2(20)+((blIC2 d,2-

(bIICI'2dll-bllClICl2dl2)d33*12 11

blcilc,2d,,)d33*22+(bl2CI22dl2-bl2CIIC12dll)d33*21+(bilclc,2d,2-

2blclldll)d33*12+(b,2clc,2d,2-b,2c,22d,,)d33*11)cos(20)+

2(b,2cic,2d,,-b,2clldl2)d3,3*21+(b 12C 2 d I I-b 12C I IC 12d 12)d33* I I
(((b 2 4 2 )C 2 2 _b2 )C2 )d2 2 2 2 )C 2 )d 2 )d 3,3

12 11 12 +(bIl 12 11 12 + ((b _b 2 )c 2 + (b -b11 12 12 12 11 11 11



Appendix Il

f 11(0) =-[(b I2cI 2C3 d 2 4blCl23 3d )4 sin2 (20)+(((b I2 CI2 C3d 2 -

b 12C I C3d 2
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APPENDIX III: APSD ELECTRONIC CIRCUITS. MODULES I-VIII

The Analog Phase-Sensitive Detector (APSD), designed and fabricated by Dave Owens,
is an integrated 8-module electronic system that produces all Mueller elements from the scat-
tergram in a highly automated manner, under the control of a host microVax computer. An
experimenter would typically initialize the ellipsometer (select sample, analyte, beam
wavelengths, incident backscattering angles) and monitor the automated progress of the
APSD by LED readouts on its front control panel. The APSD recognizes the optical configura-
tions (Tables 3-4), acquires the scattergram (Equations 12, 14b, 16b, and 18b), and makes the
Mueller element mappings that are digitized, graphed, and stored on disk. We provide in this
appendix the major APSD circuits now operating in this ellipsometer system.
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Appendix III

FRONT PANEL LAYOUT
1 2 3 4

Rl RE R3 R4 R5 R6 R? Re

o7 ;00 00 00 00
n. Sul i WJ2 sus 1 SJ

0jg R I 19 e2

6 7 8

R9 RIO RI R12 R13 Rl41 RIS RIG CORRESPOND ING

- 00 0 0 00 00 FREQUENCIES
n. SU i s i SIX J6 S7J 1 : 31.896 khz

"J'22j 2 : 33.96 khz
" 0 eVA 0 0 3 : 63.79 khz

o..3 tI 4: 67.92 khz
R23 it R24i' 5: 4.13 khz

0 0 0 0 0 6: 65.86 khz
7: 97.?S khz
8: 99.82 khz

000 00~
"-' N S114 1,115

Li 1 Ni N-
'_3 IC)I IQ) QI ~ Li1 LA S113C 0C

LSI LSSSU1?6ei i9U31 9011

Figure A1I1.1. The front panel layout of the Analog Phase-Sensitive Detector (APSD). Eight
PSD channels are represented (1-8). Connectors J17-J20 and J21-J24 are inputs/outputs of the
primary modulator frequencies omegi, W2, 2wl, and 2w2 . R1-R16 are the course (odd) and fine
(even) reference phase shift controllers, while SW1-SW8 are the phase inverters, per channel.
Connectors J1-J8 are reference frequency outputs, while J9-J12 and J13-J16 are the PSD
(Mueller elements) output channels. R17-R24 are the PSD amplitude adjustments, while R26-
R33 are retardation adjusters to transmitter and receiver PEM's and switches SW10-SW13
allow manual or remote retardation control. LED's L1-L5 are status indicators for the incident
beams power regulation circuit, while L10,SW14 - L13,SW17 show operational status of the
shutter controllers and allow for manual or remote switching between beams.
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Figure AIII.6b. The APSD control panel to back plane wiring harness. (Reference phase control
and output.)
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Figur All!.74. Flowchart of PIEM modulator, frequency synthesizer and multiplier, and phase
adjustment circuits of the APSD (Modules I-Ell).
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Figure AIII.7b. Schematic of the APSD analog multiplier board (Module 11).
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Figure AHll 7bWi. The APSD analog multiplier board layout design (Module 11).
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Figure AIII. 7c. The APSD filter and phase board layout design (Module 111).
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Figure AIII.7d. Schematic of the APSD sinusoid waveform generator (Modules 1).
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Figure Affl. 7e. The APSD sinusoid waveform generator board layout design (Module 1).
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Figure AII.8. Flowchart of phase references, the Phase Sensitive Detectors, and the DAEDAL
ST701 AID board circuits of the APSD (Modules IV-V).
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Figure AIII.9a. Module V pin connections to the DAEDAL ST701 AID microprocessor.
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Figure AIll.9b. Module V wiring assignments of J-49 connector to the DAEDAL ST701 A/D
microprocessor.
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Figure AIII.12a. The incident beam power regulation circuit Module VII. The feedback loop
acts between the pyroelectric detector output and the servo motor that adjusts the transmis-
sion axis of a polarizing crystal.
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Figure AIII.13a. The AFSD Serial Address Gateway (SAG) system (Module VIII).

-142-



Appendix WI

rr C

wr OnCE

CYLJ

0 _0

L~iin

U UJ

CF_ FY

0(

CE CC
F--i I I

Figure ~ D AI1C h eil dt al rmteSGt h seprmtrcnrle Mdl

VIIIa_

U--143-



Appetutit 

(3L - E3___

a-
(3

rm

0

CL.L

0-J

-I-4

U CA

Figure A111. 14. Wiring diagram between transmitter and receiver photoelastic modulators
(retardation control) and the SAG.
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Figure AIII.15a. The APSD shutter control board for switching between incident beams. The
shutter drive unit is the model 100-2B UniBlitz design of Vincent Associates, Inc.
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APPENDIX V: SOURCE CODE OF THE ANALOG APSD SOFTWARE MODULES.

Program LUSA (Light Scattering Apparatus), written by Charles Henry, consists of 32
FORTRAN 77 subroutine modules. This appendix includes a flowchart of these modules as
integrated into the APSD unit, and their source codes.

When entering "RUN MAIN", UISA prompts for five options: (1) begin a new experi-
ment; (2) review collected data; (3) calibrate optics; (4) calibrate A/D converter; and (5) exit. In
Step (1), a header block of information is established before the experiment is executed. That
information includes (a) the operator name, (b) the number of scattering samples, (c) the sam-
ple name, (d) whether the sample is dry or contaminated, (e) the start and final backscattering
angle selections, (f) the resolution of backscattering angle scan between these limits, (g) the
number of lasers, and (h) the wavelengths of the laser beams. LSA will then ask which com-
munications port with parity, bits, baudrate, and mode is linked to the Serial Addressable
Gateway (SAG). LISA then prompts for whether real-time graphics, real-time A/D channel
voltages, or neither are to be presented on the screen. (If 'neither' is selected, the experiment
will run faster.) After these data are entered, the experiment proceeds automatically. Steps
(2) and (5) are self-explicit. The calibration Steps (3)-(4) will typically be performed before and
after a long trial of experiments (see Sections 4.6.1 - 4.6.2).

We now present the system flowchart followed by its source code modules (see also
Section 4.7).
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A/V.1 Analog APSD Software Modules: BUBBLE-IP Source Code.

I SUBROUTINE KJUJMP(AARRAYSME)

2

3 C

4 C THE A AS I.C TCU BjUBL.E SOIT ROUTINE. AN ARRAY S

5 C PASSD IN THAT 5 SORTED FM I-41. 1000. SIZE 5 THE NUMBER

6 C OF IT2S IN THE ARRAY THAT THE USER WANTS SOIT1E.

7 C

9 JITEGNER. ARRAY,.UE.HOLDI

0 VWJSION A*RAY(MWPU,0M

11 L-O

12

13 10 HOLD - 1000

14 J-0

15

16 DO 301 - Is ; LOOP 7HU THE ARRAY

17 I(ARRAYMI.C1J'OLD)COTO 30

18 HOLD - ARRAYI) I HOLD LOWEST NUMBER IN HOLD

19 I-I !ICEP PLACE OP LOWaST NUMBER

30 30 coNTrM' END LOOP

21

22 L-Lf1 I I4CREWENT ARRAY COUNTER

23 sup(L - Ho

24 ARRAYG) - 1000 1 PLACE WC NUMBER WHUE

25 W(LEQ.SE)WOT 30 I SMALLEST WAS.

6 COTO IO

J8 30 00401- SE

29 ARRAY(I - SUPM

30 40 CONJTINUE

32 RETURN

33 DID

w
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ATV.2 Analog APSD Software Modules: CMIX Source Code.

I SUBOU1NE CMIXUINUM)

2

3 S

4 C TMS ROUJTINE 15 DESAGNU) TO TAKCE IN A REAL NUMDERUNDER 1000)

5 C AND CONVERT IT TO A CHARACTER POR USE WIH A

6 C GRAPHICS ROUTINE.

7

9 REAL INUhI RIRPLC.PJU

10 CHARACTER CNUhP6

11 DvMD~sbON R1(s).RpLc(4).fl(6)

12 DATA RPLCIO0..10D.,io.,1j

13 CJUM-"

14 1 PORMAT(96.2)

is

16 tULIP - RNUM

17

is DO 10 1-1,4

19 IP(RNUMs.GE.RP1,C(I)THE.i

20 R1(I)-RNUMtRPLCM1

21 flI-Pix(R1)

22 RNUM-RNUM.(P LOAT(n(IrRPLCI)

23

24 ELSE

25 l)-0

26 9EJD4

27 10 CONTINUE

28

29 1P(RNUM.GL.1)THEN

30 R1(S)-RNUb/.i

31 l1(6)-wrx(R(51rio)

32 I1(6)-t1(6yI0

33 ELSE

34 11(s)-o

35 WPDI

36

37 CNUM(11)-C4AR(I()+48)

36 CNU(2I2)-CHART(2)4)

*39 CUM(:3)-CHARI1(3)+41)

40 CNUid(4*4)-C4AR(I(4).48)

41

42 CNUW(6:)-CHARMI(6)+46)

43

44 D 001-1,6

45 WWNHM(LI:).EQ-C9At(u)YTHEN

46 JUM(1I-"

47 ELSE

48 GOTO)30

49 IMD

30 20 CONTINUE

51
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52 30 3NU4 -33M

3

54 RETUXN

55 EMD
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AIV.3 Analog APSD Software Modules: DATEL_1 Source Code.

1 SUUROUTINE DA TY ,EPORTPOITICNTCHAN,I ATHE)

2

3

4

SC

6 C Th rood is designed i ntist the ecutlve level montml

7 C cesmandl for he datel 701 AID mnvener. The fl nt pet wakes

8 C up the eysem with a risr control. The emmouive is acasesed
9 C by the bmw.' omanand (11e 10) The cnve w ll respond with

10 C an echo of the m and provie a caiage ctl LP and tve an

I1 C -as a propt (chonse "tn42). At this point

12 C the ae bssmls4tody od ata.

13 C

14 C At this poind the wnversrr achme the wmansnd and initiates a LP

1S C CR which I lmk hor and omi horn the dta collection. The data
16 C alum come in a l string seprated by IF CL I look for these
17 C and It is aed to shape the dat so that individual nmmbem can

18 C be placd in an army cafled I RDAT

19 C

20 C

21 C TYPE - THE FUNCTION TO BE PERFORMED BY THIS ROUflNE

22 C 0. - INMAIIZE AND STROsE 9 CHANNELS
23 C 1. - INTIALIE THE AID TO EXECUTIVE MODE ONLY

24 C 2 - STROKE ONLY ONE CHANNEL PASSED IN BY ' ClAN"

25 C 3. - STRODE CHANNELS 0 -16 BASED ON ICNT

26 C
27 C REPORT - ERROR FLAG W14M SET TO I INDICATES THAT THE ROUTINE
29 C DID NOT FUNCTION CORRECTLY. THIS 5 PASSED BACK TO

29 C THE CALLER

30 C

31 C PORT - THIS 5 THE SERIAL PORT DEFINEID Y THE CALLER THAT
32 C WILL SE USEID FOR THE AD COMMUNICATIONS.

33 C
34 C ICNT - THE NUMIER OF DATA ELEMENTS (OR CHANNEL NUMBERS)

35 C THAT DATA 5 §EIG COLLECTED POIL THIS 5 REQUIRED

36 C 11Y THE HEXEC SUBROUTINE.

37 C

38 C CHAN - THE INDIVIDUAL CHANNEL NUMBER TO K sThROED. PASSED

39 C IN PROM THE CALLER

4C

41 C ZDAT - ARRAY OP REAL NUMUERS CONVERTED PROM HEXIDECIMAL

42 C DEFMNG THE RELATIVE VOLTAGES FOR EACH CHANNEL.

* 43 C THIS 5 PASSED ACK TO THE CALL.L

44 C -------

45
46 CHARACTR MSGA30,1DArI.ENDDATSUTJ1NON.1S.CRI.Y

47 CHARACTI WSCGIO ,11o0,MESGIs2.CDAT4,QJ'E 3

a CHARACMER STRO E9,CHAN2.CIT.HDC'4,A2DNIUT6,E-I
49

JD S4EGER*4 1INEOUT LEN-STIN-G

51 t'flGER MMl.IOJT CHANNEL.TTW.REPORT
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32

33 REAL RDAT

54

35 DRAW.SMO RDAT16JHEX(16).A2DJPrjrcl)

56

57

s6 L -0
39 E - C14AR(27)

40 GS - CHARM2)

61 CR - CHAR413)

62 LP -CHARIG)

63 1JT - 10

e Im -0

65
66 TPAEOUT- 1

67 IRESCAN - 0
66 TuRNON -IST-7oi EECUTIVE ON'
69 LEN-S3TRING - 512

70

71 C OPEN,4PU-tWA3:'.STA1J-'NIWCAR1IAGECO7OL - NONE')
72

73 C

7'

73 IP(YPEEQ.3.OR.'IYPE.EQ.2)GOTO 40 1 SThQUNC POR DATA
76 IP(TYPE.EQ.l.Oft.TYPE.EQ.0)THEN ! USERS IS INITIALIZING THE BOARD

77

73 C

79

0 2 PORMAT(A1)

81

8k2 10 PORMAT (A30)

44 WRrrE(3,'(A4rlt-.WDO ICLOSE EXITING COMWUNICATIONS
as CALL TWAITl'~) I PAUSE .2 SECS
66 WRm(3,'(A4flCS/D4'IICR ! WAKE THE CONTROLLER BOARD

so CALL TWAIT(2) IPAUSE .2 SECONDS

so

maR - 0 INITIAIZE ERROR COUNT
91

92 16 W03'W,'(AlY)Ca CARRIAGE CONTROL

93 CALL IWAIrC2) f PAUSE .2 SECONDS

94

95 CALL READ..QfO ""VBT.LEN-SThfr4G.1EOJrrMzIO(,a

96 .CMANNELOR)SIE)

97

9,

100 C WfM(4.)Ma2El tTALRZING MESC -,MS

101

102

133

log

16 DOt?1 1ZU .~E#3 1 CHECK POR A PROMPT
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106 I(M (SG(Ir)-EQ.'i)GOTO 20 ! COMMAND MO

107 (M G(I).EQ.d*'}GOTO 20 ! COMMAND MODE

9 V(MEG(I).EQ.")GOTO 30 1 VECUTIVE MODE

109 17 CONTINUE

110

111 ERR - ERR + I INCREET ERROR COUNTER

112

113 IIERULEQS)THEN I NOT COMMUNICATIG WTH AID

114 REPORT- ! I SET ERROR PLAG

115 COTO 1000 I RETURN TO CALLER

116 ENDW

117

11 COTO 16 1 GO TRY TO WAKE IT AGAIN

119

120 C

121 C THIS WVRTES THE MESSAGE 4ST0-DE-CUTlIVE OW TO THE BOARD TO SET
122 C THE MODE TO EXECUIE WHICH THE BOARD WILL ANSWER WITH A

123 C

124

125 3D ERR-0

126

127 25 D I27I-1,19

12 WRn.(3."(ArTU.RNON(:U)

129 27 CONI"U

130

131 WRrM,,(AY)CR

132
133 CALL TWAIT(2) ! PAUSE I2 SECOND

134
135 CALL RE.ADQO (PORTMESG.L TI SmM 1ZiOUT,

13 .CHANNELINUSE)

137
1.0 (IOUT.EQ.0]GOTO 30 1 THE AID BOARD ANSWERED MOVE ON

139

140 ErRR - ERA +1 I I ICREMEN2T ERROR COUNTER

141
142 EWR.E.S)Tll1 I NOT COMMUNICATING WITH AMD

143 REPORT-I ! SETERRORFLAG

144 COTO 100 RETURN TO CALLER

145 ENDIP

146
147' 00125

149 C.

130

151 30 L-0

152 3 MT -EQ-I)COTO 1 f00 INImALIZATON COMPLETE

133 RETURNTO CALLER

154 ENDP

15

15 C 1CMS PART ASKS THE AID TO T OBE ITS CHANNE S

Is C
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140 40 WRM1.O,'(A4Y)GCSrDO' I CLOSE EISTiNG CXMMUNICATIONS

161

162 CALL TWATTr'r I PAUSE .2 SECS

163
1" WlUI1m.(A4yc4'/r"R I CONTROL S TO AID OARD

165

166 CALL TWAIT(2) I PAUSE .2 SECONDS

167

16 C

I14 C THI REMOVES THE MOTOR CONTROLS PROM THE READ KIPPER

170 C

171
172

173 CALL READ_()IO (POTMESGLE -TRNGoIT1MEIS=,OUT,

174 .CHANNEL ,USE)

173

176 C WRrYM4.'} E - ",SIZE
177 C WIEI4,.yMESC - ',MESG TEST DATA

171

179 R -0

180

161 42 WfEpT,'(A9YYAS 0,9,S'ICR

162 C WWl544,'(A9)tAS 0,9oSV/CR

183

134 READ0,*(A3I2YEt-42)MEsG

lU

186 C
17 C TIS PART LOOKS POR THE MESSAGE SENT OUT THAT IS ECHOED BACK TO
IN C THE SERIAL POET. ONCE THIS IS READ THE REST OF THE INPUT STRING

119 C S DATA.

190 C

191 START - I

192 owT - 10 1 STROE PIRST 9 CHANNELS

193
194 45 00301-1.8 0 SEARCH POR PARTOPTHESTRNG

196 :(MESG:Jl 4 1).EQ.'AS'.OR.MESGC: -1).EQ'AK)GOTO 70

197

19 90 CONTINUE
199

3o C

3 1 C HIS S AN ERROR CATCHING PORTION. P NO STRING IS POUND THEN
302 C I TRYUPTO 5TIMES. IFISILL GETNOW IEREISE REPORT -1

303 C AND RETURN TO THE CALLER.

34 C

306 IRR - ERR #I

10PlERR.Q.6) THEN
29 REPORT- I

210 GOTO 1000

211 8W40

212

213 GOT042 I STROB THE AM) AGAIN
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214

213 C

216

217 70 DO S0o1 - STAIMK34T READ IN THE HEX DATA

214

219 READ3.'(A6))AID.J..PuTI

2o C WVffE4.*X* '.A2JN~f(ty/CR

221

223 so CONTINUE

225 C

236 C THM GOES AN4D SCANS CHANNELS 7 -10

238

229 F(MESCAN.EQ4THEN

230 IESCAN- 1

221 ISTART- ii

23

224 as WRYTE3.(AI)AK 10,S'I/CR

235 C WRrE(4.(A7)7AK 10,5'

2m

22 CALL TWAff(2)

23

229 READoP(A2WY.ERR-S5)MESG

241 Gom045

242 ENDU

243

244

245 C THIS PART ASSULMES THAT THE REST OF THE READ STRING rS HEX DATA

244 C SEPARATED BY CARRIAGE WR3RNS AND LINE FEEDS. I usE THES As

347 C WEAKS UEEN THE NUMBERS AND PLACE THE WVVUWAL NUMRS

30 C IN AN ARRAY HEX.

349

290

251 " L.-0

252 X-0

253

254 Do 110 m- I'll

294 C

257 C THM DETERMNES IF THE DATA IN tDEED HEX OR PAST GARBAGE.

3 C IF fl3 GARBAGE I GO READ AGAI.

361 DO MI - 1,

363 IFA4D-NYh(&)(ELTCAR(4.On.

a* .- LI I1 IN#CREMENT CHARACTIE 04?

24
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3M CDAT1l-) - AD In(M II) PLACE DATA IN ARRAY

7 (LEQ.4)nnIN ! CAN ONLY HAVE 4 CHARAS

271 a-0 I INITLAUE DATA PLAG

272 L-o I RESET CHARACTER ONTU

273 HE)(M - CDAT(1:4) PLACE DATA IN ARRAY

274 CDAT - "

275 GOTO 110

276
277

276 100 CONTINUE

279

200 110 CONTINUE I CONTINUE THRU LOOP

281

282 C

283 C THI REQUESTS THAT THE HEX CHARACTER DATA E CONVERTED TO REAL

284 C DATA TO E SENT SACK TO THE CALER.

285 C

288

287 135 CALL HOXDEC(EXRDAT, I"jl

286
289 W1TE0,'(A4)GPDO '  

CLOSE EXISTING COMWUNICATONS

290
291 CALL TWAIT(2) I PAUSE .2 SECS

3 WRM,'(A4))GSPDrCl ! CONTROL S TO SAMPTE STAGE

24

295 CALL TWAIT(2 PAUSE .2 SECONDS

296

297 1000 RETURN
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AIV.4 Analog APSD Software Modules: DECODE Source Code.

I suMaUTNE DECODE (CN,4TU)

2 C " . . - - - - -

3 C THEE DECODE.POR CALE BY THE PANEL SUBROUTINE PAPal

4 C Ir E GIVEN THREE IFiTS GENERATED BY THE MOUSE THAT WILL

5 C BE DECODED TO RETURN A PICK ID POR A PARTICULAR PANEL.

SC CIN 5 THE 3 CHARACTER INPUT STRING AND INTOUT E AN
67 C INTEGER SENT BACK TO THE CALE.

10 CHARACTER *3 CN
1b11 C CHARACTER '()CI

12 ?'JTiCU4 HII.HtLLOI

13 C AN INTEGER REPORT E ALWAYS INCOOED AS 3 BYTES.

14 t-0

16 HII-ICHARCR'41:1))-32

is HI2-ICHAR~(trN.32))

20 L1-ICHAR(CI(1r*R3

21 1-1+1

22 C DECODE THE 3 BYTES TO OBTAIN THE EIEGER VALUE
23 INTOUT-Hn*1024+Ht1614JOO(LOI.1)

24 P(MOD(LIn"fA,2.Q0) ?.lTOUT-4N~TOUT

25 RETURN
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AIV.5 Analog APSD Softwre Modules: DRAW-ELE Source Code.

I 9SURROUMX4 DILAW-LE(5WEP ANGLURAMRINM~CJD W AT
2 -IUE

4 C THIS MOD DRAWS A GRAPH Off THE USER SELECTED ELEMENTS poEt EACH

3 C SWEEP OP THE SAMPLE STAGE. THI15 INJTENDED TO BESOMEWHAT REAL
6 C 7"i SO USER CONTROL OMITTED.

7 C

10 CHARACTER TXIM 5TE)I35TCT3s TCT3S5,TExT4.3S

11 CHARACTER CNUW1I0,COL3.LAST.JT'5.STAR1'*6,E~ID.6

12 CHARACTER LA-3,SEC3,SPACE-io.CT-6.u,A1-5

13 CHARACTER CURRDI1r6.INCREWED.JT,POINT5%

14

15 WEGER RECOITRECWLGX.Y.KSYMATRIX

16 ENflEGU X2.YZ.X3Y3

17

is REAL RARtM.RIN.CRREND.3DAT.RU.ANcLE.R1,R

19

20 DRiMSON WAAT2(1O), A 12(1DT0),IWAT4(

21

22 DIENSION LAST 7~PON(9%ICHMJ(9)

23

24 DIMENSION IA9).IC.I(9)WRDAT(16)IELE(6).,uKpM

25

36 COMMON LDATI.LDAT2.LDAT3,LDAT4

27

NBC

29 C THESE ARE THE MATRIX ELEMIENT ARRAY NUMBERS THAT ARE COLLECTED
30 C BY EACH PERMUTATION Op THE POLAREMRS.

31 C

32

33 DATA IA 1,2.4,S.A.813,14161 1VERTICAI. VERTICAL

34 DATA U /1.24.9,10,1213.14,161 VERTICAL 45 DEC
38 DATA PC .... 7.31.4 45 DEC , VERTICAL
36 DATA I 113.4,9.11.1213.1,161 t 45 DEG 145 DEC

37

38 3 PORMAT(4()

30 WRITW(PACE.J)

40 E -CHAR(27)

41

42 C

43

44 WUITe.**rLVW I O!SAILE DIALOG AREA
45 WRIT r. jWnz 1CLEAR THE DIALOG AREA
46

47

44 C THIS SET'S UP 121 DIALOG AREA SO THE USER HAS AN IEA WHAT rBM

49 C DISPLAYED. THIS REPRTS THE CURRENT POLRE POSITION, THE

95 C START, END AND 0XCRIENT OP THE SAMPLE STAGE ANGIL ADDITONALLY,

51 c THE cuRRENT ANGLE OP vxC1ENCE is DSPLAYED.
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32 C

33

34 lP4NUSEQ.2)T EN I INrALEM COUNTES

56 vam1-0

37 340W

39 IF INLES..0)THAN I ONLY NEED TO ESTA3LJSH

60

61 CALL CMDC.ARM.START) I M ONCE POt TH WHOLE

62

63 CALL OXV(ENDEND) IROUt'NE.

3 CALL CHIUX(RCRAtINCRaEN) I START, END AND INCREMENT

4! AIE MADE CHARACTERS HERE
67 TOM - 'START ANGiE:'/STARTIr END ANGLE.IEND

ES EXTZ - ANGLE NCREEN: "/i CRDENT

39 TEM - CURRENT ANGLE. Dem".

70

71 C

72 C THIS SAVES THE ELEMENTS THAT WILL BE GRAPHED POR EACH POLARIZER

73 C PERMUTATION TO AN ARRAY.

74 C

73
76 MVSWEEP.EQ.)1T1EN I POLARUEIS VERT, VERT

77

7 TMC - 'POAREM VertksL vortir

79 DO 70 I-I,IDATI(10) I READ THE AID CHANNELS
so ICHANMI - LDATI(I) INTO A SUPPER ARRAY

In 70 CONTINUE

* EN1D - tDATi(i0) I SAVE COUNT ON ELEMENIS

4

a D0731-1,9 I LOOP IlRU MATRIX ELE

06 .RE - IAmI) i SAVE IN ARRAY

a 75 CONThINUE
U

11 u "- "EWW. llEJTH3v4 D

91 TERTf - 'POLARaM V*eit 43 Oame..

92 DO ID l-1.LDAT2(10) I READ THE AID CHANNELS
13 ICHANI) - LDA2() INTO A SUPPER ARRAY

so CONT1MIU

9I SIM - LDAT2(M I SAVE COUNT ON ELEMENTS

97

00 515-1, ILOOPTHRU MAIX ELE
99 ELAM - am I SAVE IN ARRAY

19 as CONTINUE

101

Ida X- X - CR

143

m ELI(SWEAQ-1TH-3
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10 Tm - TOLAaMa 4s DesP. veftor
107 DO 90 t-1,LDA30O) .READ THE AM CHANNELS

106 KHANM - LDAT3) iNTO A 1UFPE ARRAY

109 CONTINUE

110 END - LDATJ60) , SAVE COUNT ON ELEMENTS
III

112 DO 95I- 1,9 i LOOP THRU MATRIX ELE
113 ELEI - c SAVE IN ARRAY

114 9 CONTINUE

115 X X + INCR

116

117 ELSE OSWE.EQ, 4)lTHE

11

119 TEXT - TOLARMES 45 Dogi e 
4
5 tDl "

130 DO 100 I-1,LDAT4(O) 'READ THE AD CHANNELS
121 ICHAN) - LDAT4() 'INTO A SUFFER ARRAY

122 I00 CONTINUE
123 I4D - LDAT4(i0) I SAVE COUNT ON ELEMENTS

124
125 DO 1051 - 1,9 L LOOP THRU MATRIX ELE
126 ELE( - I( I SAVE IN ARRAY
127 105 CONTINUE

18 X - X - INCR

129

130 ENDIP

131

132 C
133 C PLAG THE SELEE ROUTINE TO DISPLAY THE ELEMENTS THAT ARE
134 C POSSIBLE FOo THIS SWEEP

135 C

136

137 MATiX - I
136 CALL SEJME(ISWEEP.MATR1X,INU)

139

140 C
141 C THIS PART DRAWS THE TEXT TO THE DIALOG AREA WINDOW.

142 C

143

144 EG -gO

145 CALL IntrP(ISEGSEG)

146 WIFEC.*,SK'ISEC

147 WRfITEC.JfSiEG

146 W1if )r-lrM7

14 X2 - 120

1S Y2 -3S

151 CALL HIrYX2.Y2.AI)

132 WklrTE( nPEII

S11 WUII7E(J.LTmrlAff

154

is Y2 - Y2- 100

I5 CALL HIY(X2.Y2.A1)

157 WewwfI qwEMTI

in WWfl.-A1P#A,

I" WRTU(EffLTUPk~m
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160

161 Y2- Y2-100

142 CALL Hri((X2.Y2.AI)

164 wYnI4.*WLTowIlmm

165

I"6 Y2 -Y2 - IW

167 CALL H(XZ.Y2.Al)

168 wwrE(,P/UA1

169 IN~eW I.TrXI

170 WRffEC.*EifSC

171

173 ISSE0- &0

174 CALL lNThI(rAGSEG)

173 WfE(,WKI5EG

176 WUJTE(.EJKN0

177 CALL TWAIT(10)

178 WRrM(.PfsE*/EG

179

130 ENDIF

181

182 C

143 C IMS VMMT THE CURREN4T tIlCMOENT ANGLE TO THE IALOG AREA

144 C

143

186 CALL CMD(ANGZCUUJT)

157

IN ) X- Soo

189 Y2 -25

190

191 WRffFC,*fMW

192

193 CALL HFY(X2.Y2.AI)

1I" WWM,*W~ErLP7NA1

196 X 2+3

197 CALL 1IIY(XLY2.A1)

194 W~ffEU'CIGA1

I"

m Y - Y2 +105

31 CALL HrY(X2.Y2.A1)

302 WRIT!(.,Wrft'UIA1

3w

3'

30 X2- )2 -300

mCALL MI(X2.Y2.A1)

37 W~flI(,**flCNAl

3w

in Y -Y2 -10

210 CALL IoY(X2A1)

211 WVYW(.E-ArW#A1

212 WU1II(W7EV

213
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214 Y2-Y2 +2S

215 CALL HIY(X2,Y2,Al)

216

217 WRT EPTP,?//AI

218 Wlffl.wMT7'

219 WRflt,jEdrLT6'/ICURR]ENT

220 WTE,)~Ml

221

222 C

223 C THIS CHECKS TO SEE IF THE USER WANTED TO OMTr DRAWING THE GRAPH

22 C POR THS SPECIIC SWEEP. THE 10TH ELEMENT CONTAINS THE NUMBER

225 C OF THE 9 ELEMENTS THAT WILL BE DRAWN.

226 C

227

228

229 INSWEEPEQ.11)THEN

230 IP(LDATI(10).EQ.0)GOTO 1000 NO ELEMENTS ARE DRAWN

231

232 ELEW(IWEEP.EQ.2)THM

233 IP(LDAT2(10).EQ.0)GOTO 100 NO ELEMENTS ARE DRAWN

234

235 ELSE(ISWEEP.EQ.3)THEN

21 I(LDA10).EQ.0)GOTO 1000 NO ELEMENTS ARE DRAWN

237

238 ELSEIP(lSWEEP.EQ.4)THEN

239 IW(LDAT4(10).EQ.0)GOTO 1000 NO ELEMENTS ARE DRAWN

240

241 ENDP

242

243 C

244 C

245 C THIS MOO DRAWS THE LINE SEGMENTS TO THE SCREEN

241 C

247

250 DO0 K - IEND * LOOP THRU THE ELEMENTS

Is1

157 C

253 C "n4S PART DETERMINES THE COLOR EACH MATRIX LINE ELEMENT WI BE

24 C

255

256 M - ICHANM14(K M - THE CHANNEL READ

257 IC0L - IELE4M ICOL - THE ELEMENT COLOR

I"9 W(COLEQ.16)THEN 115 COLOR IS WHITE

ag WRIUT pE/pmv" I MAKE LINE DASHED

"fl WRlE,(*WML1r LINE COLOR WHITE

al2 ELSE

3 WIUrTE(*,jEJ/MVO MAKE LINE SOUD

244 CALL INThPr(ICOL.COL) I NEER TO TE CHARA

21 WRfT ,4#'IdL',COL(I:I) WRITE COLOR TO TERMINAL

7 C
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26 C THE X IS THE BEGINNING ANGLE OP THE SAMPLE FOR WHICH DATA 15

269 C RETRIEVED. THE Z]ER POINT IS SCREEN POSnlON 245. EACH DEGREE

270 C INCR]EMENT IS 20 SCR UNITS. THUS THE EQUATION BELOW.

271 C

272

273 IP(INUSE1.EQ.0)THEN !USE ONLY ONCE ON RUN

274

275

276 X - IIPIX(RARM)

277 X - US + (20 X)

278

279 C

280 C THE INCREMENT FOR EACH DATA PT 5 IN INCI. HERE NORMALIZED TO

261 C SCREEN UNITS. 1 DEC -20 SCREEN UNITS.

282 C

283

284 INCR - IF1X(RINCR)

285 INCR - INCR 20

286 INUSEI - 1

287 ENDIP

288

2*9 C

290

291 KI - 100

292 IYPOINT -0

293

294 C

295 C THIS MOD RESOLVES THE VOLTAGE INTO A Y COORDINATE (IYPOINT)

296 C THE BEST RESOLUTION 51/1000 VOLT. I110 VOLT - 100 SCREEN UNITS

297 C 11100 VOLT - 10 SCREEN UNITS AND 1/1000 VOLT - 1 SCREEN UNIT.

296 C

299

300 R2 - RDAT(M) SAVE DATA IN BUFFER

301

302 DO 190N - 1,3

303 RI - R2 * 10.0 .READ PROPER CHANNEL

304 INUM - UIX(R1)

305 FYPO NT - INUM * KI + IYPOINT

306 R2 - R1 - (PLOAT(INUM))

307 IP.EQ.1)K - KI - 90

30 I"N.EQ.2)K1 - KI .9

309 130 CONTINU

310

311 C

312 C THIS MOD NORtMA ES THE SCREEN UNIT WITH THE BAR GRAPH AND DRAWS

313 C THE LXNE FROM ONE POINT TO TH NEXT. 1900 5 THE Y COORDINATE FOR

314 C THE 0.0 LINE ON THE Y AXIS.

315 C

316

317 Y - 1900 + fyPOINT CALCULATE THE Y POINT

316

319 IP(Y.GF2900)Y - 290 I DON'T LET Y LEAVE THE

3"1 W(Y.LE.90)Y - 90 I GRAPH

321 CALL HWY (X.YA) I CALC XY VECTOR
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Sn LAST_.Ph4)- A :SAVE IN BUFFER ARRAY

323

324 1"4IUSL-EQ.0)rH9EN I IF THIS IS THE 1ST POINT
325 wRflr*WM~z

326 wRrFl ElM r I SET MARKER MODE 1TO7"
327 WRnr.,)E/nPUIIA SET nE ORIGIN

328 WRfl .')EiJf'l/A ! DRAW THE MARKER

329 ELSE

330

331 C

332 C THIS PART MUST ESTABLISH AN ORIGIN THAT WAS THE LAST POINT BEORE

333 C EVERY DRAW.

334 C

335

336
337 WRlr.-)JUP//PONT(M) SET THE ORIGIN

338 WRffl,*)E/MZ'IUA DRAW TO NEW POINT

339

340 ENDIP

341

342 200 CONTINUE

343

344 C

345 C THS INCREMETS THE COUNTER FOR THE NEXT X

346 C

347

348 IF(ISWEEP.EQ.I.OR.ISWEEP.EQ.3)THN

349 X - X NCR INCREMENT Hi-IE X POINT

350 ELSE
351 X - X-lICIR !DECREMENTTHE X VALUE

352 ENDIF

353

354 C

355 C THIS SAVES THE VECTORS OF EACH LINE ELEMENT CALCULATED FOR THI
356 C POINT INTO A BUFFER SO THAT THEY CAN BE USED AS ORIGINS FOR THE

357 C NEXT GROUP OF POINTS

356 C

359

360 D03001 - 1,9

361 POINTM - LASTYPT

362 30 CONTINUE

363

364 WTE .)(EJMW MAKE LINE SOLID

365
336 INUSE - I I SETINUSE FLAG TO ON

367

316 low RETURN

369 END
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AIV.6 Analog APSD Software Modules: GET..ARRAY Source Code.

1 SUROUTtNE GETlAR AY(LETREDRAW)

2

3 C

4 C TH1S ROUTINE S USED TO GET THE USER TO SELECT AN ARRAY

5 C ELEMENT.

6 C LET - THE CHARACTER LETER A - TO BE SELECTED BY THE USER
7 C REDRAW - S A FLAG FOR THIS ROUTI7NE TO REDRAW THE INVISIBLE ARRAY

SC BLOCKS. WH SET TO - I

9 C

10
11 CHARACTER 1,.LET1,SEG'3.ANS*12

12

13 IrTEGER XY,REDRAW

14

15 E - CHAR(27)

16

17

is iF(REDRAW.EQ.1)THEN ! FLAG TO TURN ON ALL 5 BLOCKS
19 REDRAW -0 RESET THE FLAG

20

21 IF(ICHAR4LE7).GT.64.OR.ICHAR4LET).LT.70)T'E1.J

22 1 - ICHAROXTE) -33 !SEGMENT NUMBER TO START WITH

23

24 DO 10 1 - 32,36 ONE BLOCK IS ALREADY ON

25 IF('.EQ.DGOTO 10 ! I ON SCREEN DONT DRAW

36 CALL INTRPT(LSEG) I CONVERT TO TER CHARACTER

27 WRI.,EJSV/1SEC(1Yr. ! DRAW THE BOX

28 10 CONTINUE

29 ENDIF

30 ENDIF

31

32 X - 30 PIACETHE MOUSE XY

33 Y-5S0

34 WLAC - 1

35
36 CALL GIB(X,Y,IFLAG,RMODE.I"YFE IGIN,IPORT)
37

36 13 WRlrE(-)ErLV' 'SET UP THE DIALOG AREA

39 WRtTE,)rIn44' COLOR WHITE ON BLUE

40 Wffl.rP~z, CLEAR Of TEXT
41 WRlTEr,(,BLVi . ENABLE DIALOG AREA

42

43

WUTE(,Y SELECT:"

45 WRITE.'Y 1. AN ARRAY ELEMENT"

46 WffE,)

47 WRI'E ,*7 3. Eflr

40

49 20 READC,'(A12Y,ERR-)ANS ! READ FROM THE MOUSE

51 1AN . NS:I),EQ.7)GOTO 30
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52 cl0m 20

53

54 C

55 C TIFM CHECKS THE SELECTION TO MAKE SURE AN ARRAY ELEMENT WAS

56 C CHOSEN.

57 C
SB

9 30 SEC - ANS(7.9) GET USER CHARACTER SELECTION

60 CALL DECOE(SEC,lSE) CHANCE SEGMENT NUMBER TO INTEGER

61

62 IP(SEG + 33.GT.69.OR.lSEG + 33.LT.65)GOTO 20

63

64 WIT1E,E/ir I DELETE THE GIN CURSOR

65 R1TErWSKC)I'
6

67

66 LET - CHARM(SEG + 33) P PLACE THE SELECTED LETTER IN LET

69

70 C

71 C THIS PART ERASES THE REST OP THE BLOCKS THAT ARE NOT IN USE

72 C SEC 5 THE SELECTED SEGMENT NUMBER.

73 C

74

75

76 DO 401 - 3236 LOOP THRU THE SEGMENT NUMBERS

77 IP(I.EQ.ISEG)COTO 40 IF ON SCREEN DON'T DRAW

75 CALL INTPT(I,SEG) CONVERT TO TEK CHARACTER

79 WRr r.)ESV*/ISEGo:2yro' ! ERASE THE BOX

so 40 CONTINUE
9I1

92 RETURN

63 END
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A/V. 7 Analog APSD Software Modules: GIN Source Code.

I SUBROUTINE GIN4XIYlIFLAG,IMooEJIypE.IG,ipoRr)

2

3 C CHARLES HENRY JULY 7 1909

4 C

s C THIS PROGRAM 5 CA'LD GIN.POR. IT WILL DEFINE A °GIN( GRAHIICS

6 C INPUT, OUTPUT) CUtsoaPOR USE IN PROGRAM.

7 C "HM WILL EITHER ENABLE THE MOUSE. PUCK OR THUMZWHEEIS,

a C THE DEFAULT is e POR THE MOUSE USING THE ARROW CURSOR IN PICK

9 C MODE

10 C

11 C X1,Y1 - NEW LOCATION FOR THE CURSOR. DEFINED BY USER

12 C

13 C FLAG - RLAG THAT MAKES ALL SEGMENTS VISIBLE. THIS IS USEFUL WHEN

14 C THE USER 15 UILDIG SOMETHNG WiTH ALL SEGMENTS TURNED

is C OPP AND THE GIN SUBROUTINE 5 CALLED LAST. THE DEFAULT

16 C S TO ISSUE THE COMMAND EVEN IF NOTHING 1S OFF

17 C

18 C IMODE - THIS 5 THE GIN MODE. THERE ARE THREE TYPES

19 C EACH TYPE LEMS YOU PERFORM SUGHTLY DIFFERENT TASKS.

20 C

21 C PICK RETURNS KrTON PRESSED, XY LOCAIION.VEW NUMBER AND

22 C WHICH SEGMENT WAS PICKED.

23 C

24 C LOCATE RETURNS A SINGLE REPORT CONTAINING THE BUTTON

25 C PRESSEDX/Y LOCATIONAND VIEW NUMBER IF SPECIPI.

26 C SINCE THE LOCATE MODE FOR THIS PROGRAMS USE 15 NOT MUCH

27 C DFFERENT THEN THE PICK. I AM USING IT HERE TO DRAW AND

28 C USE GIN RUBBERBANDING.

29 C

30 C STROKE RETURNS ONE OR MORE FIRST POINTS WHICH ARE SEPARATED

31 C BY DWIERENT FIRST CHARACTERSoAND A LAST POINT.-TiE FIRST

32 C REPORT WILL INCLUD THE BUTTON SELECTED THEN THE SUBSEQUENT

33 C STROKE POINT CHARACTERS WILL BE A J - FOLLOWED BY THE X/Y

34 C

35 C TivE LAST POINT WILL K A " O IPOLOWED BY THE X1Y.

C

37 C 0-PICK

38 C 1 - LOCATE

39 C 2 -STROKE

40 C

41 C

42 C rTYPE - THIS 5 THE CURSOR SEGMENT TYPE NORMALLY ITS AN ARROW

43 C KIT THERE ARE OCCASSIONS WHEN A CROSSHAIR 5 USEFUL

44 C ADDTONALLY, W EN THE GIN S ACTIVE AND THE USER 5

43 C S0JI1IJG A MEINU ITEM THAT REQUIRS NO GIN DEVICE AN

46 C ALTERNATE SEGMENT 5 PROVIDED THAT S A DOT. IF THE

47 C US ALREADY HAS A SEGMENT THAT S NEEDED POR THE 'RSOR

48 C THE1N A 3 5 PASSED IN ITYPE AND THE IINTEGER VALUE S

49 C PASSED IN WORT.

so C

n C * - ARROWS MNT
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52 C I - CROSSHAIR

53 C 2 -DOTr

54 C 3 - NUMIE OF SEGMENT TO BE MADE THE CURSOR

35C

56 C IGtIl - TIS 5 THE GRAPHICS INPUT DEVICE THERE CAN BEPOUR OR

57 C FIVE DIFFERET DEVICES. THlE ONES WE USE ARE L51= BELOW

36C

so C 0 -MOUSE

60 C 1 - THum3WHmEELs

41 C 2 - PUCK (LARGE TABLET) ..(THIS5 SPECIFIED BY THE PORT)

62 C

63 C

65 ITfEGER XYXIY1

64 CHARACTERS5 A,AI,A2,A3,A4,A5,A6

47 CHARACTER E.AAA*I2,2GSUSSEG'3,A10%.31*

49 E-CHARCM7

70 GS-CHARq9) !START VECTOR MODE CHAR

71 US-CHAR(31) ISTOP VECTOR MODE CHAR

72

73 C

74 C THE FOLLOWING 5 THE SETP FOR THE PARTICULAR GIN DEVICE THE

73 C USER 5 REQUESTNG. @3rp...EU MAY WANT THE MOUSE TO MOVE THE

76 C CROSSHAIR IN STROKE MODE.

77 C

76 C

79 C EGIN -o MOUSE

9D C ITyP - 1 CROSSHAIR

$I C iIOOE - 2 STROKE MODE

52 C

53 C KLOW WE START DEFINING WTIH THE PIC FUNCTION

54 C I HAVE TO DEFINE THE NUMME OP CHARACTERS IN THE G STRING- SO

85 C THAT THERE WON4T KANY INNER SPACING IN THE ESCAPE

06 C COMMANDS. THAT WOULD CAUSE A PATAL ERROR. INS sSmTRD Nir

37 C

IIC

.9

90 WRITE,)ErW DELETE THE GIN SEGMENT

91 Wh1TE(C.*EJPSCIV' i DELETE THE GIN CURSOR

92 WRYIE(WErLvw DISABLE DIALOG AREA

93

9 (WWOOE.EQA0THEN USER WAN'S PICK FUNCTION

95 GlN.EQ.)THEN *SET UP FOR MOUSE

96 G -'DI'

97 U -2 1 NUMME CHARA USED IN STRING

a ESEI(GIN.EQ0lYTHEN

G2 G-' 11SET FOR TUMUW~HEEIS

l0o U -1 I NUMR= CHARA USED IN STR24G

E0L5SEW(IGIN1EQI)IEN

1M2 V~PMR.EQ.C)G - -AV' I TAU.E1 PMS 0

103 WfIPORT.ZQA1G - W1 I TAKE-T POR 1

149 WVIPORT.5Q.2)G - 31W I TAMET POR 2

105 --2 f NUMUIIE CHARA USED 14 STRING
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106 EN

107

too C

109 C HME WE EGIN WITH THE LOCATE FUNCTION.

110C

112 ELSE(.OOE.EQ.1)THEN 6USER WANTS THE LOCATE FUNC71ON

113 3(IG1NEQ.0)THEN ISET UP FOR MOUSE

114 G-00'

113 11-2 1 NUMBER CHARA USEDIN STRING

116 EISE1(IM'dEQ.1)THD

117 G-0' ISET FOR THUMBWHEELS

116 12-1 1 NUMBER CHARA USED IN STRIN4G
*6lit ELSWRVG?4.EQ)THEN

12(WrORT.EQ.0)G - 'Al' TABLET PORT 0

121 W(IPORT.EQ.I)G - 1r TABLET PORT 1

122 W(IPORT.EQ.2)G - 1Ur TABLET PORT 2

123 12-2 NUMBER CHARA USED IN STRING

124 ENDSW

125

126 C

127 C THIS PART DEFINE THE STROKE PUNC71ONS

128 C THESE ARE ONLY ALL0WMD FOR THE TABLET AND THE MOUISE.

129 C

130 C

131

132

133 ELSE1P(MODEEQ.2TEN 'USER WANTS THE STROKE FUNCTION

134 NO(IV'EQ.0)TH8I I SET UP FOR MOLISE

135 - 'D2

136 U -2 1NUMBER CHARA USED IN STRING

IV7 fLSE1GIN.EQ.IYTHEN

13 -,. ! SET FOR THUMBWHEELS

139 U - 1 ! NUMBER CHARA USED IN STRING

140 ELSWE"1.Q2)THEIN

141 WUTE(.7OU MUST NOT SPECWY A PORT FOR STROKE'

142 COTO 100

143 BM0W

145

146 C

147

148

149 IErrwdSv'0 MAIE CURSOR INVISIBLE

151 4 W(TYPEQ..ORLITYPEEQ.3)CGOTO 30 1 DON'T DRAW A SEGMENJT

152

13C

154 C TIE USIER 15 REQLMFMU4 THAT A DOT BE DRAWN INSTEAD OF THE ARROW

INs C

1s*
157 WralYPsQ.2PHEN I THIS STHE DOT SEGMENT

In
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160

161 C THE SEGNT 6 A SMALL INVISIBI MARK THAT S USED WHEN THE USER
162 C 5 SELECTING MENJU IlEMS PROM THE DIALOG AREA. ALL THAT S
163 C SEAUICED PORS THE U1ON THAT WAS PRESSED.

164 C

I"
167 WRTE(r,)ErSOCI. BEGIN SEGMENT NO. 4049

16 CALL HIY(X1.Y1,A) ! PLACE THE SEGMENT AT X.Y LOCAL
169 WRin)EfLJ-riA DRAW TH SEGMENT
170 WvT,'EgrSC" ! CLOSE THE SEGMENT
171 GOTO 30 1 JUMP OVER ARROW DRAW

172 ENIW

173

174 C

175 C THS IEGINS THE DRAW4G OF THE ARROW CURSOR.

176 C

177

171 3 CONTINUE

179 WME ,-fSC-

1S X-0

161 Y-100

182 CALL HIY(X.Y,A)

183 WIn-,FSrI/A SET PIVOT POT P01 CURSOR

114

186 Wl1,./MP"MI FJr 1fJrMT
1167

1in C THE PART DRAWS THE ARROW SEGMENT. I" 5 DRAWN AT THE 0,0 ORIGIN

190 C AND THEN 15 MOVED TO THE USER DtPINED LOCATION
191 C.

192

193 X-0

194 Y-100

m19 CALL HWI(XY,1A)

196 X-80

197 Y-70

190 CALL HIY(XY,A1)

199 X-40

300 Y-70
3m CALL HIYQ.YA2)

302 X-102

303 Y-12

30 CALL HY(X,Y,A3)

aS X-95
3" Y-0

7 CALL HIY(..A4)

30 X-30

m Y-40

210 CALL HI'(X,Y,AS)

211 X-30

212 V-20

213 CALL HW(X.YAr)
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214

215 WWV *)Jr I/A ~/fI/A1U/lA2//AYlA4A~fIAAJ/

217

218 30 CONTVAXE

219

230 30 W(TYPE.EQ.)G0T0 35

221 W31TE(,)EPSVC)WO MAKE CURSOR 00NVILE

222 35 WRJTE(rJ-iISV1 I MAKE CURSOR VI13LE

224 WdOVL-EQ.1y1N USER WANTS THE LOCATOR MODE

226 rPYMEQO~l~ly7EE.2)T14EN
4 227

22m WRTIEC /rTW/GlMYrr1J

230 EPErl"c1yro'

231 ELSE

233 EPh~yrErh(:yo

D34 1Wm

237 USW(WOE.EQ2TEN f USER WANTS STROKE MODE

229 WrfYPEQ.o-.anfYPEEQi)Th31

242 ESE

23 Wk. R~jU(:yPg/

245 EW

246

247 ELSE I USER WANTS PICK MOME

248

249 VP~lEQA.OlfYPlI-EQ.2)mnlj

23 wRfl.*WPKC~wa:2yc~r,/

23 UE*m-uyrr

22

253 SEPMfYPE-Q.3MTH.J USER WANTS A SECMENT TO K

294 CALL ?49t3?TPORT.SEG) ITHE GIN CURSOR

- 2m W~mf~x,W"C #(1 ulaypch,

2U6 WWHWW1Uy vwrscff1

-7

a. ELSE

me W VW3W~~fVVDW SET MOUSE 9CR PICK

361 1 PUNW IN

32 w

2143 -~

34

mW C

2"

2P CAL~L Uypfl.Y.A)
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no F(ITYFEQ.0)THEN FI ITS SEGMENT

270 WI(W.EMCllA 'PSITION~ THE CURSOR

2" USEFIVINTE.Q.1)THEN IF ITS CROSS HAIRt
V2 W3XII('EVfSW/uA I POSITION TME CURSOR

273 ELSVTYPI.Q.S)THENl F P IT CROSS HAIR.

274 WRfl1(,**MdpSMG/A 1 POSITON IHE CURSOR

275 EN.DP I THE DOT 15 ALREADY

274 1 RACED

7

27M IOW0 ICU-0 RESET TIE TOGGLE LOOP

279 I4001 - 0 RESET THE CIN TYPE FLAG

280 PTYP -0 1 RESET THE CURSOR TYPE TO ARROW

31

312 P(VrYPE.Q.1)GOTO 1010

313 WRmEJC,SVC)1r £ MAKE CURSOR IV14lULE

234 1010 WRf~t(-WPt1 I CLEAR DIALOG AREA

as RETURN

36 END
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AIV.8 Analog APSD Softwvare Modules: HEXDEC Source Code.

I SUBROUTIN4E HECEX .RDATCANNEIS)

2

4 C TIS PROGRAM WILL RECEIVE INPUT FROM THE AID CONVERTER

5 C CONVERT fl TO BINARY, CHECK TO SEE IF NUMBER 5 POSITIE

6 C OR NEGAIVE IF P06 THE NUMBER WILL BE CONVERTED TO DECIMAL

7 C AND SAVED. rF NEG, A I WVILL BE SUBTRACTED AND THE W15

a C REVERSED Cr. COMPLIMENT) AND THEN RETURNED TO DECIMAL

9 C

10 C HEXI - ARRAY OF HE)(CHARACTERS PASSED I FROM THE CALLER

411 C

12 C RDAT - ARRAY OF DECIMAL REALS PASSED OUT TO THE CALLER

13 C

14 C CHANNELS - THE NUMBER OF ARRAY ELEMEN~TS PASSED IN FROM THE CALLER

13 C

16

17 CHARACTER-4 HEXUAPLACE-I

Is

19 34flGER K.IOCT,NNCHANNELS

21 REAL EDATUT

22

23 DIMENISION W1(16),PLCE(16)HEXV.(16).IDATA(16)RDAT(16)

24

2S DATA (Ut4It-.16r3276,134,12492,04a

26 1024,512.256.12SA,6432168,4,1l/

27

26

32 I PORMAT (A4)

31 2 PORMAT (I1OA(A1.AI))

32

33 C TEST DATA

36 C

3s C 1-1

16 C

37 CS WRTT(.- WITER UP TO 16 HEX NUMBERS:, (4 CHAR MAX 7
35 C ViRII(.* ENTER ' Z ' WVHE DONE'

*39 C WRffTE(,)

40 C READ(,(A4Y,ERR - 10W)HEXINM1

41 C

42 C Wo 4a(I)(:1).Q.7.AND.LEQ.1)GOTO 1U0D

43 C 1 04EXIINWA1:1.2.)GOTO 10

44 C

49 C CHANNELS- 1

46 C

47 C 1-1+1

4 C CaoIS

*0 C
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52

33 10 DO 300 ICK-1.CHANNIELS

55 ICNT-0

54 1-0

57 K-0

39 A - HEXIN(KI

61

62 DO 405-4,1,-l

4

65 P(104A3t(AOIUl)).GT.64) THEN

67 0010 35

70 K - ]HAR(Aftft)-.U

71

72 35 INT - ICNT + *16-J

73

74 40 CONTINUE

75

74 MU" - IaJT

77

73 C

79 c ThE PoLLowiNG. MOD CHANCES THE INTECERS TO BINARY NUMBERS

so C ONLY THE 14H PLACE HAS TO BE LOOKCED AT. IF THIS NUMBER 15

al C 'v THEN WE HAVE A NECAilVE NUMBER AND WE WILL DO A TOTAL

£2 C COf.vERSON.

83 C

as W(IOJT.LT.Il4(IJ) GO0100

v C

ft C IN THE NUMBER 5 NEC ALL. THE 15 AND W'S ARE REVERED

89 C

90

91 IPUT - 17

92

93 DO 70U- 1.16

9

97 W(UU..0 N'(N)) THEN

sm EM- OU39- VINU)

99 PLACE(Iftm- V

too ELSE

101 PLACE4IPI --

142 D4DIF

IN9 70 CoI4114
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106 C

107 C THIS WVfl THE W,1ARY NUJMBER TO THE SCREEN

106 C

109 C

110 C WYfl!(E,2)AC(16)PACE(1S)PACE(14)PLACE(13).PLACE(1 2)

III C 1 PLACE(I1).PLAC(10)PLAC9)LACE()PLACE(7)PLACE(6.PLAC(5),

112 C I PLAC(4)ACE)PLACE(2),PLACE(i)

113 C

114 C 11M PART CONVERTS THE NUMBER BlACK TO DECIMAL, CHANGES THE

0'115 C SIGN AND THEN SUBTRACTS 1

116 C

117

118 f- I

6 119 KNT1-o

130

121 DO 90 3-16.1A-

122

123 W(PLACI(II)EQ.'I THEN

124 ICNT - KWT+UNQJ)

125 EDOW

126

12IV-j.

128

129 90 CONTINUE

130

131 ICJT - INT - (2 - IT)

132 INT -ICINr- 1

133 100 IDATA(MK - ICNT

134

135 2W CONTINUE

136

13V C

138

139 DO 300I5- 1.CHANNELS

140

141 DMATAMI.EQ.0.0)THEN

142 RDAT(I)-0000

143 GOTO 300

144 EN10

143

146 £)ATAMI - IVATA(I - -1

147
146 ()ATA4).GT0)7HEN

19 IDATAMI - 3366 - R)ATA(I)

ISO ELSE

131 U)ATA(t) - P(DATA4 432676)

152

133 RJDU

194

1s$ C ADATS - (PLOAT(1OATA(I))16354.0) .0.0022 NORMAfL2E VOLTAGE

136

137 RDATS - (S'LOAT(ff)ATA()4192.0) + 0.0W2! NORtMALZ VOLTAGE

1se C PDAT(I - (PLOAT(IDATA()NM0) + 0.002I NORMALME VOLTAGE

In
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160 3W CONTf14U

161

16) C

164 C NO NEED TO GO ANY FURTHER W THE DC ELEMENT -0

165 C

166

167 C 1P(RDAT~1).LE.0.0)COTO1000 ERROR CONDITION4

I"

169 1T - 1 / RDAT(I) NORMALIZATION FACTOR

170

171 C

172 C TH5 NORMAUTZEALLTHEELE4EN1S WTTH WE
o 
11 'ELEMENT 0

173 C

174

175 DO 400 I - 1, CHANNELS

176

177 RDAT(I) -RDAT(I) RT

178

179 400 CONTINJUE

181 C

182

153 1000 RETUN

184 END
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AIV.9 Analog APSD Software Modules: HTY Source Code.

I SUWOMa HIY(XY,A)

2 C

3 C THE ROUtI S A UTlJTY THAT CONVERTS TWO INTGER (MY) SCREEN

4 C COORDINATES INTO 1EKTRONICS CHARACTER CODE SCHEME. THE TEC

5 C TERMINALS HAVE THEIR OwN GRAPHICS LANGUAGE. TIS LANGUAGE RE IiRES

6 C THE HOST TO ISSUE EVERY COMMAND AS A CHARACTER STlING. IN THIS

7 C CASE THE TWO VECTORS (XY)ARE CONVERTED INTO A FIVE CHARACTER

* C STING. THESE RERESENT NiTPOSITIONS FOR THE TERMINAL AS FOLLOWS:

9 C HIY, Eum IY, HIX, and LoX.

10 C 7IS UflLr S ONE OF THE MOST IMPORTANT UTILTIES FOR
11 C ANY HOST TO TEKRONICS GRAPHICS APPUCAT.ONS.

12 C NOTE' XY REMAIN UNCHANGED WHEN SENT BACK TO CALLER.

13 C

14

Is INTEGER 2 X,X0X,X2Y.YO.YIY2

16 CHARACTER 15 A

17

1s X2*Xf12S

19 Y2-Y/128

20 XI-(X-XZ12SY4

21 Yl-(Y.Y2128

22 X0-MOD(X,4)

23 YO-MOO Y,4)

24

25 C

36 C HERE THE INTEGERS ARE CHANGED TO A CHARACTER STRING.

27 C

28

29 A(1:i)-CHAR(32+Y2)

30 A(22)-CHAR 96+Y04+4X0)

31 AOJ)-CHA(96+I)

32 A(4:4)-CHARM+X2)

33 A(5.)-CHAR(64#XI)

34

35 RETURN

36 END
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AIV.1O Analog APSD Software Modules: INTTO_CHAR Source Code.

I SUBROU(IINE NT_TO_CHANUM.CNUM.LENGTH)

2

3 C

4 C MIS5 ROUTINE WILL CHANCE INTEGERS PROM #/- 99,999,999 INTO

s C CHARACTER.S.

6 C

7 C NUMBER - INGER PASSED IN PROM THE CALLER

S C

9 C CNUM - CHARACTE REPRESENTAION OF THE ABOVE INTEGER THAT 5

10 C RETURNED TO THE CALLER.

11 C

12 C LENGTH - THE NUMBER OF CHARACTERS BEING SENT BACK TO THE CALLER

13 C

14

15 CHARACTER *9 CNUM.CBUP

16

17 5 CNUM - I INmALZE CHARACTER VALUE

Is

19 C WRJTE(,y ENTE A NUMBEI'L

20 C WirwTE()

21 C READ(',)NUMBER

22

23 NUMBUP - NUMBER

24 IP(NUME.LT.0)HEN I S A NEGITIVE NUMBER

25 NEC - I SETA FLAG THAT-THE NUMBER S

26 NUMBER - ASS(NUMBER) I NEGITIVE. TAKE 11S ABSOLUTE

27 ENDIP

2B

29 lP(NUMB.EQ.0)THEN THE NUMBER S ZERO

30 CHUM - "00000000 THE CHARACTER - ALL 0's

31 GOTO 1000 1 RETURN TO CALLER

32
33 ELSEIP(NUMBER.LT.10)THEN ITS A SINGLE DIGIT NUMBER

34 IN - I I CHARACTER PLACE COUNTER

35 CNUM(1:1) - CHARNUMBER +, 41)! CONVERT NUMBER TO CHARACTER

36 COTO 110

37

38 ELS0P4lUMBER.GT.99999999.OR.NUME.LT.49999999)THEN

39 CNUM - 1000000 IF THE NUMBER IN S TO LARGE

40 GOTO 1000 ! CNUM CANT CONVERT THIS NUMBER

41 END

42

43 C _ _ _ _ _ _ _

44 C THIS PART SEPARATES EACH INTEGER PLACE VALUE INTO 113 INDIVIDUAL

45 C COMPONENTS. IT THEN CONVERTS EACH COMPONENT INTO A CHARACTER

46 C AND PLACES THAT CHARACTER IN THE CHUM STRING.

47 C

4.

49 M - 0 1 PLACE VALUEUPPR

0 J-I IPLACE VALUE

31 IN -0 1 CHARACTER PLACE COUNTER

-182-



Appendix IV

52

S3 DO 101- 1, 4 LOOP THRU THE PLACE VALUES

54 IFN1WUBERLLT.DGOTO 20 I LOOXING FOR THE PLACE VALUE

55 J J * 10 I INCREMENT PLACE VALUE

56 10 CONTINUE

57
se C.

39 C HERE I GET THE ACTUAL I21ECER VALUE THAT RESIDES IN EACH PLACE

60 C VAUE. i... THOUSANDS PLACE (PLACE VALUE) - 5

61 C HUNDRS PLACE (PLACE VALUE) - 3

62 C TE4S PLACE -9

63 C ONHS PLACE -2

" C

65

46 30 1-1-2

67 J-10"!-9 1 GOES TOTOPOPTHIS PLACE

S K - 10 1 K - BOTTOM OF THIS PLACE VALUE

70 DO 100 LOOP - M+1 LOOP THRU THE PLACE VALUES

71

72 DO 40 NUM - 1,0,-K I PIND THE INTEGER POR THIS M.ACE

73 L- NUM -NUMBER

74 M - M +1 I ACTUAL INTEGER VALUE WANTED

75 Um(LLEO)COTO 50 1 VALUE S POUND

76 40 CONTINUE

77

78 C

79 C THS BUILS THE CHARACTER STRING PROM EACH PACE VALUE ITEGER

so C

61

62 50 IN - IN + 1 I CHARACTER PLACE COUNTER

33 NUM - 10 - M I ACTUAL INTGER SOUGHT

44 CNUMd(N:IN) - CHAR0IUM 4 4) ! CONVERT In TO CHARACTER

as

46 M-0 I RESET THlE INTEGER COUNTER

67 NUMER - UMB- (K*NUM) I DECREMNT THE NUMBER

1 I-I-I

9 J-10-19 1 DECREMENT TOP VALUE OP PLACE

s0 K- 10I I DECREMEIT BOTTOM VALUE OF PLACE

91

92 100 CONTINUE I END OP LOOP

* 103

94 C

1l C IF THE NUMER WAS NECITIVE I MLACE A MINUS SIGN IN FRONT OF T

96 C CHARACTER STRING BFORE I SEND IT OUT.

a97 C

99 110 vIEG.EQ.1)11TH ! THE NUM ER 5 NlECnE

100 NE-0 I RUSET THE NECITIVE INTECER PAC

101 C1R - CNUM I MAKE A COrY OF THE CHARACTER STR

10 L - 1 t INrTIAWE CHARACTER MACI CTh

104 DO 1201 - 1IN I LOOP HRIu THE CHARACTER STWIG

m4 L-.*I f INCREMENT CHARACTER COUNTER

-183-



Appendix IV

106 GNUM(*.L) - CU ) I SHFr THE STRMG I PLACE RiGHT
107 130 COTINUE
109

109 OCJUM(l:1) - I ADD THE MINUS SIGN TO PIrS CH1

110 IN - IN + I I CORREC' THE CHARACTER COUNTER

112

113 LGTH -IN

114

115 C WUE(Y. THE CHARACTER - .CNUM," I - ',LEN.CTH

116 C

117 C COTO S

lie

119 1000 NUMlI - NUMIIUP

120 RETURN

121 D

I I Hi-18i-



Appendix IV

AIV.11 Analog APSD Softzmre Modules: IN77RPT Source Code.

I SUOPUTINEImNTRIT.04)

2C

3 C TIS ROUTINE WIIL TAKE AND INTEGER AND TURN IT INTO A
4 C CHARACTER STRING EQUIVALENT TO TH4E INThGIR FOR ThE

5 C IRK lURMINAIS.

6 C - - --- .------- -

7

a CKARACTER CWsc

9 14TEGER INTX1,X2

10 DRwIDISION C(S

a 11 I04T-0

12 0H1'

13 L-0

14 XI-N400(INT,16)

Is X2-INTflS

16 PINT.GT.O THEN

17 X1-X1.45

1s ELSE

19 X1--X1432

30 ENDW

21 ICNT-ICNl

22 C(1)-C4AR(X1)

23 W(pNT.ILE-)COo3D

24 DO0301-2.6

25 IP (X2.GE64)INEN

26 X1-MO(X2,64)

27 XZ-X2/64

26 X1-X1464

29 CP)-CHAR(X,)

30 K4T-KNT.1

31 ESE

32 X1-X2+4

33 C(M-CHA3(X)

34 0WT-ICNT~i

36 GOTO so

36 ENDIP

3P 3D CONTINUE

38 1D50s

-39 30 DO0401-2A

40 IF (X2LE.44)INE

41 Xl -MOO(XZ4")

42 X2-X2064

43 M1-4X1.4

44 CMI-CHASR1)

45 ~ KmT-x4T,

46 ES

47 X1-X4+

41 CMI-CHAR(X1)

*9 K.T-KNT+1

30 GOTO 3

51 DamW
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52 40 CONTINUE

53 30 L-7

54 W(34T.LT.1AND.W4.MT.16)IcNT-1

35 DO Go j-tj047

36 L-L-1

57 CH(LL)-Co)

SS 60 CONTiNUE

so L-0

60 DO070 3-IA

61 rfW~0mU.EQ ')OO 70 i i THr. A ULANk SPACE

62 L-L.1

63 C(L)-CWLu)

" 70 CONTh4UE I THESE DO WDOPS PLACE THE

65 1 CHARLACIMS ON THE LEFTa

66 0m-"

67 DO8DI-1,L

69 CH(H:)-C(I

69 30 CONTINUE

70 L-o

71 RETURN

n2 END
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AWV.12 Analog APSD Software Modules: LASERJN Source Code.

I SLIKOUTINE LAS L~f4(P.AGENTC)NCNOSAWMP.NAME.LAS,LAMDA,

2 LAS-.ORD.IEXIT)

3 C

4 C TIS MOD 5 USED POR ENT7ERING SPECIFIC LASER DATA FOR LACH SAMPLE

5 C IF THE USER WANTS TEKTRONIX GRAPHICS. TIS ROUTINE S RUN JUST

Sc AFTER THE SAMPLE 001ORMATION GATHERING ROUT1NE 'TEC-INPtUl

7 C

10 CHARACTER NAME30,SAMP'20,AGEN'2.CONCIS.LAMDAIS3
a11 CHARACTER DA1",1IET~ff-E'1A5,SEC'3

12 CHARACTER COU3ECP2.SAMPOJTLASERS.COUNTr3

13 CHARACTER SAMPLEP9 ERROR.L-.ORME

14

is INTEGER CHANGE.ERRMSGXYXI,Y1.Y2,Y3

16 WnGE LASLAS..ORD.ORIYER

17

is REAL RENDRINCR.RARM

19 .REALDIST

21 C

22

23 DIMENSION SAMM),AGE4T(10),CONC(10)

24 DIMENSION LAS 10) AMDA(40).LAS-.OD(40)

25 DIMENSION START(10)STOP(l0).INC(10),POS0)

26

27 DIMENSION COUNT(4)

28 DATA COUNT fIW.3zdcW,4th7/

30 2 PORMAT(A20)

31 3 POStMAT(A4)

32 4 PORMATCO)

33 5 PORMAT(A2)

34 6 FORMAT (A)

35 7 FORMAT(S3)

36 5 PORMAT (A10)

f - CHARM27

39 CHANGE-0

40 ISTART-i1

41 IKTT- 1 I SAMPLE COUNTER

42 ESAMP- I

43 K1r-.

45 C

47 CALL INT.TO.-O4ARMSOAMP SAMPLE.LE) !CONJVERT TO CHARACTER

* C;

go C IM PART PLACES A SW PANEL. SEGMENT SW NO THE! ENTIRE SCREEN

SIC FOR A BACKGROUND.
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52

53

54 W"IT-)ErjFrl .* PIXUP LEVEL o

5 WltmIw,-,rw DELETE ALL SEGMENTS

56 Wm(fE,,RF' I PDMUP LEVEL NORMAL

5 BIG - ie

59 CALL WTrPT (ISEG,SEG)
60 WlUT(,'wEdrwSEG BEGIN THE PANEL sm
61 W3UIT , I( :/ - PANEL COLOR RED ,

62 X-1

63 Y-I

64 CALL HIY(XYA)

65 wYRMC,*WErU/A I SET PANEL ORIGIN

66

67 X - 4095

G CALL HIY(XY,A)
69 WWWJPLCIIA DRAW BOTTOM OF PANEL

70 Y - 3276

71 CALL HIY(X.YA)

72 WfF.,'WrL1I/A I DRAW LEFT SIDE OF PANEL
73 X - X-4094

74 CALL HIY(X.YA)
73 WRITE,*)FnJL//A I DRAW TOP OF PANEL

76 WRUE, ,SC'  
I CLOSE AND PILL PANEL

77

73 C

79 C THIS B THE PIRST LINE THAT 15 REQUIRED BY ThE USER.
80 C NAME, DATE, TIME AND NUMBER OF SAMPLES.

IC

62

£3 CALL 1T E4(DATE1ME) S YSTEM TIME AND DATE
5'

* BMG-1

* CALL IN' TRlBG,sE')

o8v

19

go WJTE.,WSE, ,SE .BEGIN THE SEGMENT
91 WNtE'Er-,F.Tr I LINE COLOR WHITE

92 X - 100

93 Y - 300

94 CALL HIY (XY,A)

5 WUW.')WrlIA I SET TEXT ORIGIN
51 WU ,EWrJLIV/JDATE WRITE T E DATE

97 X - 1000

54 CALL HitY (XAY.A)

99 WWW(,*EjLPNA ISET TRY'- ORIGIN
too W -1,)rVIME I WRITE ThE TIME

101

14 WNW.T*FmTd1 I LINE COLOR RED
103 X -a0

1o CALL HaY (XYA)

ls W3II1t , 'flPIA f SET TEXT Of
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106 TEXT - NAME.'

107 WmIIE(.fLTvI//IWXT !WRITE THE DATE

109 Wlw)EwrSC*

109

110 C

111 C 1T4n PART DRAWS A POX AT THE BOTTOM OP M1E SCREEN POR THE DIALOG

112 C AREA INPUT.

113 C

114
* 115 ISEG -SEG + 1

116 CALL WaRPT (MSEG.SEG)

117 WRl( ,jEwtSESEG ! BEGIN TiE PANEL 80M

1a WRMEC,*,PMLI" ! LINE COLOR WHITE
119 WIRt1el.lorm I PANEL COLOR WI

130 X-l

121 Y-1

122 CALL HIY(X,Y,A)

123 WRIE(.nflIAJ l 1 SET PANEL ORIGIN

124 X -409"

125 CALL HIY(X.YA)

126 WRTE ,)FLC'//A DRAW BOTTOM Op PANEL

127 Y -450

13 CALL HY(X,YA)

129 WRfEC)*r.G'/A .DRAW LEFT SIDE OP PANEL

130 X -X- 4014

131 CALL HFIY(X.Y,A)

132 WUIE(*JLG'I/A !DRAW TOP Op PANEL

13 wrT- Er.WPE" PILL THE PANEL

134

135 C

136 C THIS DRAWS A LINE AROUND THE TWO DIALOG AREA LINES: COLOR RED

137 C

138

139 WU1TE ,P )MLr PANEL COLOR RED

140 X - t0

141 Y -ISD

142 CALL HIY(XoY.A)

143 WtUTfE,")flP#A I SET PANEL ORIGN

144 X-3

145 CALL HIY(X.Y.A)

146 WUIT,WnLC'lA I DRAW BOTTOM OF PANEL

147 Y -Y 20

14 CALL HIY(X.Y,A)

149 WUIET(-1WGrI/A I DRAW LEPT SIDE OF PANEL

I10 X-100

151 CALL HIY(XYA)

152 WRIT.*! E/,CA DRAW TOP Op PANEL

153 Y- Y-M0

154 CALL H1Y(XYVA)

IS WUIT!,*)ErU3'A I DRAW LEFT SIDE Op PANEL

136
157C

13

in0 WRI1I(- 1' I lEf- COLOR WHITE
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160

161 TET -8ITR< E> To oxrr

162

163 X - 100

16" Y - 4

163 CALL HIY(X.Y.A)

166 WUE(,*EiP1A 'SET TECT ORIGIN
167 WMTE(.,*ifLTA4/flEXT ! WRITE THE TEXz-%y<aITnu

I" wRTfE(rE/PS 1 CLOSE AND FILL PANEL
169

170 C

171 C TMR SETS UP TME DIALOG AREA SO THAT THE TEXT AND DATA ENTRY

172 C ARE ALL WITH24 THE DATA INPUIT WINDOW.

173 C

174

175 WRITE(.*rLWt I DISABLE DIALOG AREA
176 VAWI*WrELZ CLEAR DIALOG AREA
177 WRflE(E1I.IZ DIALOG AREA 2 LINES
176 WI1!(C)EWfCDv '65 CHARACTER ALLOWED
179 WRffE(r3WrMLr* DIALOG TEXT WHITE

1S0 X- 200

182 CALL HY(X.Y.A)

183 WRI1.)E/MtX//A I SET TEXT DIALOG ORIGIN

134

133

186

187 C

18$ C TM~ WRITES THE NAME OF THE PERSON RUNNING THE EXPERIMENT
139 C

190 C -

191

192 sEG-3

193 CALL ITT(IESEG)

194

I"5 wpn7W SK*SFZ DELET THE SEGMEN

196
197 W1ITEWPS/JrWEG BDEGIN THE SEGMENT
1I" WRITE(,'*wrhPF PANEL COLOR GRAY
1I" tf(,~dlT TEXT COLOR WHITE

3w

am1 X-2w0

802 Y-297

803 CALL HIY(X.Y.A)

am4 WRIE()E~LPf1A ISET PANEL ORIGIN

X -X.# 1100

83 CALL HIY(XYA)

M7 WUFE,*EPLC7,A I DRAW BOTTOM OP PANEL

Y -Y * 100
889 CALL HIY(X.Y.A)

210 WTE(',*E/PLGA IDRAW LEPT SIDE OF PANEL
211 X -X -1101)

212 CALL HIY(X.Y.A)

213 WWf1.**nTC#A D RAW TOP OP PANEL
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214 WpilwrE PILL THE PANEL
215

216 C

217 C TM~ PLACES THE JUT IN IME PANEL

2U8 C

219
220 X-2m8

221 Y - 300

222 CALL HFYo(yA)

223 WWT,*WP A ISET THE ORIGIN

224 WRfIC~,WLTA4'JNAkE ! WRITE THE NAME

225 WRTE*WP I CLOSE THE SEGMENT

226
A 22 C

226 C THIS DRAWS TIE SAMPLE DATA HEADER AND NUMBER OF SAMPLES

229 C

2.30

231 40 ISEG- 7

232 CALL DN~h7(EG,SEG)

2.33 WlEf,*EWrS'//SEG DELETE THE SEGMENT
234 WI1TE()FSFW/SEG BEGIN THE SEGMENT

235

236 X-1

237 Y - 2a0

238 CALL HYo(Y.A)
239 WRITEr.,)EFjrlX LINE COLOR BLUE

240 WRI1T.EjP1?IA ISET LINE ORIGIN

241

242 X -4095

243 CALL HIY(X,A)

244 WhITEC,*)E/rW'/A I SET LINE END

24S

246 WUTE(..,WMP PANEL COLOR GRAY

247 WnTII(*wrqV f TET COLOR WHITE

248

249 X - 290

230 Y - 230

251 CALL HfY(XY,A)

252 WRITE(.*ErL7UA SET PANEL ORIGIN

233

254 X -X +1100

255 CALL H1Y(XY,A)

236 WRIftC.*WrP1C'//A IDRAW BOTTOM OF BOX

257

29 CALL HIY(XYA)

NO WRffT4~)EjfG#A *RIGHT SIDE OF BOX

261

24" X -X - I lo

263 CALL HIY(X.YA)

I" WRfl(.j,fIZ WA ITOP OF BOX

NB WIEc.W1.F F ILL THE BOX

247 WflI(~MW *TEXT COLOR WHiff
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M9 X-X+IOO

270 Y-Y-75

271 CALL H1Y(XYA)

272 WUITE(,ELPUA. SET EXT ORIGIN

273

274 CALL INTTO-CHAR ,SAM ,LE) ! CONVERT TO CHARACTER
275

276 CALL INTTOCHARNOSAMPSAMLELE) ! CONVERT TO CHARACTER ,

277 I THE NUMBER OF SAMPLES

278

279 lPOSAMP.EQ.)1t1EN

30 WRffE(, *ELT?-1rl OF I SAMPLES'! WRITE THE TEXT A

31 ELSE

2

33 WRrE /EFjPLTA4"/J5AMPCNT/ OF ,SAAPLE(I:LE)//

24 SAMPLES!

A5

386 ENDWF

237

286 WRI'Tr,')E/FSC" END SEGMENT

29

290 C

291 C THIS WRITE THE COLUMN HEADERS POR " SAMPLE NAMES -, AGENT TYPES"

292 C AND CONCENTRATIONS

29 C

294

295 ISEG-

29 CALL INTRPT(ISEG.SEG)

297 WRIT.'I/)ES /,EG

295 WRI ,)EI'ISEC BEGIN THE SEGMENT

299

3W WRnlE(.,wErl'r 'TEXT COLOR YELLOW

301 x -s

X 2 - 2250

33 CALL HIY(XY.A)

304 WITEt,,I.P//A SET TEXT ORIGUI

305 TEXT- SAMPLE.'

306 WRFREI*,LTIfIfT 'WR SAMPLE TEXT

307

3 X -1800

30 CALL HIY(X,Y,A)

310 WIfWE ,EJlPIIA 'SET TEXT ORIGIN

311 TEXT - 'ACENT

312 WvfwElwEfLT>VfTEXT IWRITE SAMPLE TEX(T

314 X - 300

315 CALL HIY(X,VA)

316 WWYl-*WP/I A f SET TEX'r ORIGIN

317 TEXT - 'CONCENTRATION'

315 WIJTEr,*E/rLTA2rffWT WRITE SAMPLE TEXT

319

330 wwwlIirse

21
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32 C

324 so ISEC - 1

32 CALL !NTRPT(ISG,SEG)

3A4 WITE(.WSK7JWSEG

315

329 Y -2100

3&0 X-300

331 CALL 141(X.YA)

332 WUITE~,')E~fl/A I SET PANEL ORIGIN

333

334 X -X +1100

335 CALL IHI(X.Y.A)

336 WRITE,)E/PLCI/A IDRAW BOTTOM OF BOX

337

3.36 Y - Y + I

339 CALL 141Y(X.YA)

340 W~m(fEJPWMZ//A RIGHT SIDE OP BOX

341

342 X -X -1100

343 CALL HIY(XY.A)

344 WRITIr,)JLG'IA ITOP Of box

345 WRIfC)JLE I PILL THE BOX

346

347 wRff~EflPtTV TEXT COLOR WHITTE

348

349 X -X +100

350 y - y-75

351 CALL HI(X.Y,A)

332 WRfl,)JftIA ISET TEXT ORIGIN

353

354 WRMC.*)F/rLTr/,AMP(KNTJ) I WRITE THE SAMPLE.

335 y - Y-25

356

357 C

35.

359 X - 00

340 CALL HIY(X.Y.A)

361 WlffV(-,E*rLPI/A !SET PANEL ORIGI

362

363 X -X +1100

344 CALL HIY(XY,A)

343 WWPCE*WnZ'/UA I DRAW BOTTOM Of BOX

34'

347 Y-Y.I00

no6 CALL HTY(X.YA)

349 WtrFCl(jnflL'A I GHT SIDE OF BOX

370

371 X - X 1100

372 CALL HIY(X.YA)

373 WRPTE,)EifLrC'IA ITOP OP box

374 w~rflwE/LE I PILL TIE box

375
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376 WUrT.E(,E/rI : TEXT COLOR WHITE

3"

378 X-X+100

379 Y-Y-75

360 CALL HIY(XYA)

381 WRZE(WI ,r)JLUA !SET TEXT ORIGIN

362 WRfI~7EfLTIIAGENT0CNTl)

363 Y-Y-25

365 C

366

367 X-301

308 CALL HYn(X,YA)

369 WRITE(,*PI.JP'l/A ! SET PANEL ORIGIN

390

391 X - X + 1100

392 CALL HIY(XY,A)

393 WRTE /"jfLG'11A ! DRAW BO1TOM. OF OX

394

39 Y-Y+100

396 CALL HIY(XY,A)

397 WRI ,XLC/EIfl ZA I RIGHT SIDE OF BOX

396

399 X - X -I100

400 CALL HIY(XY,A)

401 WRIIE,rL/GU'A !TOP OF BoX

402 W .)E,,1" PILL THE BOx

403

404 wR1rEr)EJrmr, TEXT COLOR WHITE

405

406 X-X+i00

407 Y-Y7S

400 CALL HIY(X.YA)

409 WRIf,*)FJ/LIJ/A 'SET TEXT ORIGIN

410 W3t*,,JrLTr/CONC(OI1J1)

411 WrIE(),"SC

412

413 C

414 C THIS NEXT PART GETS THE NUMBER OF AGENTS...

415 C

416

417 32 POSmAT(sx ENT THE NUMBER OP LASERS (1 -4): )

418

419 WEN1,(.,EJPLV1" ! ENASLE DIALOG AREA

4w1

421 d0 WRIU1t,)ErlZ I CLEAR THE DIALOG AREA

422 WIIr5

423

4u READv.6)LkSRS i READ LASER COUNT

425

4I6 ASRS.EQ.'.OILASERS.EQ.'e')THEN I USER TO EXIT

4V EXIT- I I SET EXITIPAG

43 COTO 100 1 RETURN TO CALLER

429 ENDIF
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431 KxAD(LAERS;'(lNl,yRR-4)LaJ1 ! CONVERT TO INTEGER

4=2

433 W6LCNT.LT-'.OSLO4T.GTA4)GOTO 40 BAD INJPUT DO rr AGAIN

434

4a5 C

4M6 C THIS BEGoIm LASER iNPuT SECTION...

437 C

438

039 70 BSEG -19g

440

441 X - 350

442 Y - 1730

443

444 CALL INmfP(BEG.sEG)

445 WRmrwfllSEG DELflt IM SEGMENT
446 wRnv.*WSE ,lEG 'BEGIN THE SEGMENT

447

448 W~fe(,EfMLI UN.E COLOR WHITE
449 WUTfE(.,)WMW PANEL COLOR GREEN
450 WuIII4E.*frr7 'TEXT COLOR YELLOW

451

452

453 CALL HIY(X.YA)

454 WRMEC,*WJPIA 'SET TEXT ORIGIN
455 TEXT -O0!

496 vRm(.)EJPLTT/nVm 'Wuni THE TXT

437

450 WRIff(W)E/FWf4' 'TEXT COLOR BLUE

4A9 X-X + ISO

440

461 CALL HIY(XYA)

462 WlV('*rEdflA/pr I SET PANEL ORIGIN
463 X - X+700

465 CALL HlY(X,Y.A)

465 WRffT,,WCA 'DRAW BOTTOM OP BOX

46

467 Y - Y * o

4118 CALL HIY(X,A)

469 WRffEC,*WrLC'A R IGHT SIDE OP BOX

470

471 X -X -70D

472 CALL HIY(X.YA)
473 %WE.)EJj'LV/,A I TOP OP box
474 WU"l~wjfr I PILL THE Box

a 475

476 Y - Y75

477 X -X + IS

478 CALL M1(X.Y.A)

479 WRfl1(,EifnPllA I SET TEXT ORIGIN

480 CALL V.4T-.TO.CHARONTLASERS,L)

41 W~llII(Er /'LT?'LASF&. LAS&
482 Wum"Xncl I CLOSE THE SEGMENT

483
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484

486 C THE WRITS THE TEXT HEADER INPORMATION. THE NUMBER OP THE ITEM

437 C COIR THE LASER ORDER AND WAVELEGTH.,

488 C

489

490 SEG - 21

491 CALL INTPT(ISEG,SEG)

492 ~ WffCWPEG

493 WRTE*,PSEF/5EG '
494 W lFJrMT7 TEXr COLOR YELLOW

49 X -2350

4% Y- 1820

497 CALL HIY(XYA)

496 WRM.,*)F.'PIA ! SET TEXT ORIGIN

49 TEXT - 'LASER'
50 WUIE .,(w*E/ftIEXT WRITE THE TXT

501 Y - 1750

502 CALL HIY(X,Y,A)

503 WRTU,-)E/'tP1/A !SET TEXT ORIGIN

504 TEXT - 'ORDER'

o WIUIIW)rL"'/TEXT , WRITE THE TXT
506

507 X-3050

sm Y-17,0

509 CALL HIY(.Y,A)
510 WRIfEC,)E/IItnFA S SET TEXT ORIGIN

511 TEXT - 'WAVELENGTH'

512 WRT .)ElrLT:./T ! WRITE THE TXT

313 lVRflE()ESC*

514

515
516 C

517 C TH15 BEGINS A LOOP THRu THE LASERS POl EACH SAMPLE. THE LASER

518 C NUMBER (1 -4) 5 TAKEN ALONG WITH THE WAVELENGTH THE LASER WILL

519 C BE TUNED TOO.

520 C

521
522 WRUTE,,wr1Z I CLEAR DIALOG AREA

s23 LAS"IWI - LCNT I PLACE NUMBER OP LASERS

524

326
527 DO 4001- 1 LCT I LOOP TfRU THE LASERS

529 C

10 C InIS DRAWS THE PANEL THAT SHOWS WHICH LASER S TO BE DESCRIBED.

531 C

532

114 VI - 1200

sm X -So

06 Y -YI

137
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5"9 CAML IN T(II.SEC)

5s0 WlRTv(.wgc,,SG IDELEhTE SECMENT

541 ~ WWijE/EC IICIN n14 SEGMENT

543 CALL IYo(Y.A)

544 WRfI(.*WE/fl/J' SET PANEL ORIGIN

545 X - X+1000

54o CALL IYo(,Y.A)

547 Wvml)lGU/A DRAW DCYTTOM OF BOX

546

350 CALL HIYMXY.A)

551 WRITV(,*EJnLGIIA !RIGHT SIDE OF BOX

552

553 X - X*0Iwo

554 CALL HIY(X.Y.A)
us5 WUITE(.WWlGA !TOP Of sox

5 WRflE(C)EjrLF FIlL THE box

357

554 y Y- y.75

599 X - X+100

560 CALL HIY(X.Y,A)

541 WRWE.*EJI17UA !SET TEXT ORIGIN

562

%63 WRfTE(C)WFMT4' I TEXTf COLOR IIIUK

545 (L SEQE. 1MEN

366 W3ITE(C)EWFL1?r1 OF 1 LASER' WRITE THE TMX

547

54 ELME

5"9 CALL lT-.TO...OARaL1TLASERSLE)

570 WRITE!'.-ErLTr/COUlNr(Iyr OP '//LASEr~f LASRS

571

572 ENDIP

573

574 W~mfl'EJSC CLOSE THE SEGMENT

576 C-

378 100 PORMAT(SX.ENTIR ',A3, LASER NUMUR 'S

NO0 102 K3RMAT(SX,114TER THE LASER NUMUER (I1.4) ',S)

so It0 W(LOIT.sQ.:)1wfi I IF ONLY ONE LA.SER THEN

S44 WU1toi 1 GET THE LASER NUMIIER

m ESE

so Wli(M.0oKOuNTI
.7 ENDIP

m9

39 READ (4ER-11)LOMDE I READ THE LASER ORDER

no

91
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39 3l-ORDE.EQ.' )GOTO 110 LOOK POR NULL

395 P-ORDELEQ.TV.OR.L-ORDU.EQ.'.'T1IN !USER TO EXff

am9 XT-I !SET EXrLAG

397GOTO 1000 1 RETURN TO CALLIR

398 ENDIP

399

900 lEAD L-OID.(N,12).Emt-lo)ORDER 'MAKE CHAR AN INTGERt

Gm1

902 lPORDER-LT1.Oft.ORDO..T.4)GOTO 110 1EVALUAT BOUNDS

903

604 LASORD([ + MO4I) - ORDER 1PLACE IN ARRAY

905

909 C 3TErRr (IP LEVEL 0
607 WuREW,'Prgj 'DELEl E ALL SEGMEWS1

Gm9 WRMTE,*WirW~ IDCPip LEVEL NORpMAL

909

910 RE7RN

611 END
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AIV.13 Analog APSD Software Modules: MENU Source Code.

I SURUTIN MENU

2 C

3 C M 45 A MENU POR THE MULLER MATRIXEXPERIMENT POR USERS THAT
4 C DO NOT HAVE A GRAPIIICS 'TERMINAL

5 C

7 CHARACTER GOOFDUMr5

SI CHARACtER .40 1TrLE,ThI,'2,T,4,Tt[5
S

10

11 1TTLE-' MULLER MATRIX EXPERIMENT

12 Th1-'1. BEGIN A NEW EXPERIMET

13 12-'2. REVIEW COLLECTID DATA'

14 1D-'3. CALIBRATE OPTIC STAGES'
15 T1k-'4. CALIURATE A/D CONVERTER'

16 T15-'5. Ea

17

16 10 PRINT 1,TTTLE 'THIS FROM THE ABOVE MENU

19 PRINT 2,11

20 PRINT 2Tt2

21 PRINT 2T

22 PRINT 2,7w

23 PRINT 3.r6

24

25 1 PORMAT(I '. 10o(.T1. -2( l1..T".,'-/
36 5 T1 !,-.T21, A,T&9,'q'/l,-.,T(9,-/T11,-,,T69,,,)

27 2 PORMAT(I1'T,121,AT69,-'Ii ,,T69.-M1,T 69.-)
34 3 PORMAT(ll ,',T21,A,T6,'qri ',-.T69 ,-',ri1,-,T69 's'

29 1 1'""S(')

30 4 PORMAT (A)

31

32

33 C
34 C 1M5 ROUTES 11TE USER TO THE PROPER SUeROUTINE SELECTION

33 C
26

37 READ C,-,- U ) I

-2 IV (I.LT.1.OILIG'T.,) COTO 60

40

41 GOTO (1Co00,2,4M,5o) 1

42
43 1O CALL NEWTI, I BEGIN A NEW EXP

44 GOTO 10

4S
6 0 CALL LOOKUP LOOK AT OLD DATA

47 GOTO io

3 CALL STAGCE-POTION CALUBRATE OPTIC STAGS

ft GOM 10

31
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52 40 CALL AMCAL CALUIRATE DATA COLLEC"ON

3 GOTO 10

5'
55 4w WRlrE (,?LAA.KSEEP YOUR NUMBERS Wlr.IN THE LMS"
6 wu ( ,," IUMN TO CONTINUE'

57 READ (,4) GOO

o GOTO 10

60

61

62 SW0 RETURN I USER WANI- TO EXIT
63 ENJD
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AIV.14 Analog APSD Software Modules: MIX Source Code.

1 SUMOUTINE MD(ANUM)

2 C

3 C THIS ROUTIE CANGES INTEGERS OF 999 OR LESS INTO CHARACTERS

4 C SO THAT THEY CAN E USED AS NAMES OF PILES POR THE SAVED DATA

5 C STRNS.

6 C

7 C
a

9 CHARACTER NUMLf§R5

10 ITEGER A,HTHoU,THOU,HUNDTEONES

11 C RLAD,')A

12 C

13 C THS WIL SUPPRESS LEADING ZEROS TO THE CHARACTER STRING

14 C

15 1tF-A

16 W (A.GE.10000)THEN

17 NUMhL2EN-

s GOTO 2

19 ELSW (A.; 100)OW E

20 NUMLEN-2

21 GOTOS

22 ELSE (A.GE I0) THEN

23 NU1L.J-3

24 GOTO 17

25 ELSE W (A.GE.1O) THEN

26 NUMLEN-4

27 GOTO 3S

U ELSE

29 NUMLEN-s

30 GOIOSs

31 00 IF

32 C

33 C TM PART SEPARATES THE WTEGER INTO SINGLE PLACE VALUES

34 C

35 2 DO)3 I-,ooAo.-iooo

36 I-1-A

37 K-K,1

X IF G.LE0) GOTO 4

3 3 COIJTINUE

44

41

42 4 HTHOU-(10.4

4 C wtf l.7m4- ,H'.OU

44 A-A4HOU-10WO)

45 K-0

46

47 3 DO 10 I-100.0..000

a I-M.

*o P G.ULO COTO 1s
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52

33

34 is 7"OU-1O.)

35 C W3JTyTO- "THOU

36 A-A-(THOP000

37 17 K-0

so DO0IDI-00A-1o

39 1-A

40 K-K+1

61 WO.LLO G07030

62 30 COTINUE

63

4 30 HUND-(104)

61 C WRITE (.7H"UND- .,HUND

46 A-A4WHND-100)

67 35 K-0

46 DO 401-90,0,-10

70 K-K.1

71 FO.LE-0) GOTO, 3

72 40 CONTIN4UE

73

74 30 TEN-(lo.K)

75 C WRFTErn-EN~- '.TR'

76 A-A<(T9W10)

77 55 K-0

73 D06401-9,0-)

79 1-1-A

SI K-K.1

W1 IF 0-E.0) GOTO 70

62 40 CONTJUE

43

34 70 09465-(10K)

65 C WMl,*70NES- ',ONES

37 C

OB C HERE THE VALUE OF THE WITEGER 5 CHANGED TO A CHRCE

I* C

90

91 OTO (90 0,3003.400) NUMwL9EJ

92

93 90 NLUhMi-C4AR3lMMU4y0CA"(3OU448)

36 S YIAUOND4Y3ARMT33N44Y#C.A1(0N5+48)

96 OTO sC

96

97 100 NUMR-CHA(fl4OU46 4HAR(HUD.@YCHAR4TRE 46)

US fiCHAR(ONM40)

90 OTO So

NO0 300 NUh4-C4A4HUND44IHA(j.CHA 6(ON)fMA ES.4A)

101 GOTO 90

102 300 NUMin-CHAR(Th..4IHAR(0NES.4s

1M 40 NUhIU-CIAR(0l41S+46)
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107 SW A-U

109 X-0

109 RETUR3N

110 END
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AIV.15 Analog APSD Software Modules: MOVSTAGE Source Code.

1 SUROUTINE MOV.STAG AS UM.,TYPELAMDA.STATIOS.REPORT.

2 GRAPHICS)

3 C

4 C

S C THIS ROUTINE MOVES THE OPMiC STAGES TO THEIR PROPER POSImONS FOR

6 C CHANNELING THE LASER BEAM TO ET'HER THE SPECTRUM ANALYSER OR THE

7 C SAMPLE.

a C

9 C LASER-NUM - THIS IS THE USER DEFINED LASER NUMBER POR WHICH

10 C THE MOVEMENT Of THE OPTIC STAGES 5B B G

II C REQUESTED.

12 C

13 C TYPE - 1. USER 5 REQUESTING THAT THE LASER BEAM BE

14 C DIRECTED TO THE SPECTRUM ANALYZER.

15 C

16 C 2. USERS REQUESTING THAT THE LASER BEAM BE

17 C DIRECTED AT THE SAMPLE.

1 C

19 C 3. USER 5 REQUESTING THAT THE SAMPLE STAGE BE

20 C SENT TO ITS START POSITION.

21 C

22 C LAMDA - WAVELENGTH OP THE LASER BEING TUNED.

23 C

24 C STARTPOS - THE DISTANCE IN STEPS FOR AXIS 1 TO MOVE THE

25 C THE SAMPLE STAGE TO ITS HOME POSION.

26 C

27 C RECORD - THIS 5 AN ERROR FLAG SENT BACK TO THE USER

2£ C IF ANY ERROR CONDITION OCCURS DURING THIS

29 C STAGE MOVEMENT OPERATION.

30 C

31 C GRAPHICS - INTEGER FLAG INDOCA7ING THAT A TEKRONIX TERMINAL

32 C IS IN USE AND TO CALL THE GRAPHICS ROUTINE

33 C TE1_TEXT.

34 C

35 C

36 C

37

3 CHARACTER10 VEL.ACC.DITDUMMYSTARTPS,PORT

39 CHARACTER*I LASER.GSAX1S,C1LINPJTANS

40 CHARACTERI.D MLENM

41 CHARACTER0 MSGMSG1

42 CHARACTER1S LAMDAANALYTI, AMOUNT

43

44 INTEGER TYPE.GRAPHC TXT-PLC.NESET

45

4 LOGICAL T

47

4£ DIMENSION V11144).ACC(4),DIST(4).DUMMY(4)
49

NOC

S1 C THIS CHECKS TO SEE IT THE TYPE - 3. THIS IS THE CALLER ASKING
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52 C MHAT THE SAMPLE STAGE BE MOVED TO ITS USER DEFINED START POSITION.

53 C

54

55 P(IYP.EQ.3)THEN

56 VELt)(.2) - 'to

57 ACC(IXI:2) - '10'

58 DIST() - STARTJOS

o GOTO 50

110 ENDIW

41

42 C

63

4 5 PORMAT(12(AIO))

A 45 IOwl-0

CR - CHARM13) ! CARRIAGE RETURN

67 CS - CHAR(M9) I CHARACTER REQUIRED TO ESTABLISH

! A SERIAL THRU LINK TO A DEVICE

49 L - LASER..NUM ! TRANSFER THE LASER NUMBER TO 'L

70 REPORT - 0 INITIALIZE ERROR FLAG TO 'NONE'

71

72 C

73 C THE PART ESTABLISHES THE DATA FILE NAME THAT HOLDS THE STAGE

74 C MOVEM4ENT DATA FOR EACH LASER.

75 C

74

77 TIfYPIEQ.1)THEN USER WANTS TO CHANNEL BEAM TO

7 ILENM - SPECTRUM' ! THE SPECTRUM ANALYZER

79

8D EI.SEIFTYP.EQ.2)THEN ! OR ELSE THE USER WANTS TO

61 PILENM - SAM' ! CHANNEL THE BEAM TO THE SAMPLE

32

63 ELSE ORt ELSE INPUT WAS BAD SET

6 REPO - I ! THE ERROR FLAG AND RETURN

as GOTO 1000 1 TO THE USER

87

ft C

P C inS INQUIRIS W THE DATA ILE EXISTS PROIR TO OPENING THE ILE

90 C W' IT DOES NOT 'THEN THE REPORT FLAG 5 SET THE ROUTINE S ENDED

91 C

92

93 3QU E PILE-FINM,EIST - 1) ! ASK IF PILE Effi

94

96 (.NOT.TTH 'IF THERE IS NO FLE

9REPOrT -2 1 SET THE ERROR FLAG

97 GOTO l0 ! AND RETURN TO THE

IS ENDIP CALLER

100 C

101 C HERE THE PROPER FILE OPENED.

102 C

10

104 OfJ ,XPILE - FIB4.ACCEDS-I'S r.POIM-'OUMATrD,

106 .ICIL-I2STATUS- "OL',1SAREDERR - 0)
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107 GOTO 30 OPEN WAS SUCCESSFUL MOVE ON
too

109 20 REPORT - 3 ! OPEN FAILURE SET THE REPORT FLAG

110 GOTO 1000 !RETURN TO CALLER

III

112 C

113 C THIS PART READS THE SPECIFIED RECORD FOR THE LASER PASSED IN

114 C AS THE VARIABLE LASERN UM. THE NUMBER IS THE FILE RECORD NUMBER.

115 C

116

117

118 30 READ(2,REC - L.PMT - 5,ERR - 40)VEL.1),ACC(I),DIST('),

119 .DUMMY(1),VEL.2),ACC(2),DIST(2).DUMMY(2),VEL(3),ACC(3),

120 .DIST(3),DUMMY(3)

121

122 GOTO 50 ! THE READ WAS GOOD MOVE ALONG

123

124 40 REPORT - 4 THE READ FAILED. SET THE FLAG AND

125 GOTO 1000

126

127 C

128 C HERE THE STEPPER MOTORS ARE MOVED PROM THEIR HOME POSITION THE

129 C VELOCITY, ACCELERATION AND DISTANCE SPECIFIED BY THE ABOVE INPUT.

130 C THIS 1 DONE BY USE OF A DO LOOP THAT LOOPS THRU ALL THREE AXIS

131 C ON THE CONTROLLER.

132 C

133

134 50 DO 130 1 - 1,3

135

136 C

137 C FIRST I MAKE SURE THAT THERE IS DATA PRIOR TO WRITING TO THE PORT

136 C NO VELOCITY OR ACCELERATION MEANS NO MOVEMENT. THE ROUTINE THAT

139 C CREATES THESE MOVEMENT PILES UNDERSTANDS THAT NOT ALL AXIS OR

140 C STAGES ARE REQUIRED TO MOVE EVERY TIME AND THUS THE RECORDS

141 C ARE FILED WITH ZEROS.

142 C

143

144 IFW ).EQ,.OR.ACCM.EQ.".OR.DIST1.EQ).THEN

145 IT - ICT . 1

146 GOTO 130

147 ENDIF

148

149 C

150 C THIS TURNS ON THE POWER TO THE STEPPER MOTORS AS THEY ARE NEEDED

151 C THE AXIS SPECIFIES THE SPECIFIC MOTOR.

152 C

153

154 AXIS - CHAR4N + I) CHANGE INTEGER TO CHARA

as'/

in c TIS CIR.AT1ES THllE COMMAND LIE 1TAT SEr TO T1E CONTROL
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140 C Tr 6 A CHARACTER STRING THAT MUST BE EXACT IN ITS LENGTH. TIS
161 C 550 ECAUSE THE CONTROLLER BUFFERS ITS DATA AND DOES NOT LIKE

162 C MANY SPACES ON THE END OP THE COMMAND INE APTER MUCH TRAL

163 C AN ERROR I HAVE POUND THAT THER 5 A POSSIBIITY OF 13 PORMAIT

164 C OR CHARACTER LENGTHS THAT MAY BE REQUESTED OP THIS ROUTINE. I

165 C PROVIDE THEM HERE.

1" C THE COMMAND LINE 15 ALSO A CHARACTER STRING.

167 C

168 C AX1S - THE S TPPE MOTOR CONTROLLER AXIS NUMBER

169 C MSG1 - THE COMMAND LIJNE THAT TELLS TH VELOCITY,

170 C ACCELERATION, AND DISTANCE FOR EACH AXIS.

171 C

172

173 430 PORMAT(All)

174 451 PORMAT(A!2)

175 452 PORMAT(A13)

176 453 PORMAT(A14)

177 454 PORMAT(AIS)

178 455 POIRMAT(A16)

179 456 PORMAT(A17)

180 457 PORMAT(A18)

181 458 PORMAT(AI9)

132 459 PORMAT(A20)

193 460 PORMAT(A21)

184 461 PORMAT(A22)

185 462 PORMAT(A23)

186

187 C

189

190 MSC - AXlS/V/VEL(I) ,BEGIN COMMAND LINE W/VEL

191 MSG1 -

192

193 M -0 1 M - CHARACTER COUNIER

194

1" DO 70 K - 1,3 ! LOOP THRU EACH SETTING

196

197 DO 601 - 1,12 ! LOOP THRU EACH CHARACTER

193

199 IP(ICHAA4MSGo:D).LT.4S)GOTO 60

ag DONT COUNT SPACES OR
301 M-M#I I COUNT SING LENGTH

202 MSGI(M:M) - MSGG:D UI D THE STRING

203 60 CONTINUE

806

us M - M I I INCREMENT STRING COUNT

N RksGI(M:M) - I ADD A SPACE AFTER

7 I THE COMMAND.

ZN ?(K.EQI)MS - AXS#A'IACCMT I ADD ACCELERATION

2n §(EQ.2)MSO - AXlMS/rDSTM I ADD TRAVEL DISTANCE

210

211 70 CONTIE

212

213 M-M+1
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214 MS1 (t M + 1) -"G" ADD A GO TO THE END

215 M-M+1

216 -. 10

217

218 CALL TWAIT(S)

219

220 GOTOS70,Sbo,.90.600.610,620.6306.650.,660.670,680,690)J

221

222 570 W RITll,450)MSC1(l:M)

223 GOTO 100

224 So WTE(3,451 SGI(:M)

225 GOTO 100

226 590 WlRfIE,4,)MSGI(1:M)

227 GOTO 100

228 400 WRrTE(3.453)MSGI1,.M)

229 GOTO 100

230 610 WRn E0,454)MSGI(:M)

231 GOTO 10

232 42 WRrTl,455)MSG1(I:M)

233 GOTO 100

234 630 WUTrE(3,4S6)MSG(1:M)

235 GOTO 100

236 640 WRfM3,4S7)MSCI(I:M)

237 GOTO 100

236 650 Wum(3.436)qSG1(l:M)

239 COTO 100
24a 64o WRTE(3,49)MSGIv:M)

241 GOTO 100

242 670 WVflE(340)MSG1(I:M)

243 GOTO 100

244 610 WllTE(3,461)MSCI(1:M)

4 s COTO 100

246 690 WRrrE(,462)MSG1(1:M)

247

248 100 IPMYWEQ.3)GOTO 1000 EXIT IF MOVING STAGE TO START

249

250 130 CONTI E

251

253 C AT TIS POI THE E ROUTWE MAKES A SWltCI BASED ON THE TYPE OP

254 C DATA REQUESTED BY THE CALLER.

255 C

256 C TYPE - 1 THE SPECTRUM ANALYZER IS THE TARGET. TH STAGES

257 C ARE NOW MOVED TO THE CORRECT LOCATON. TH USER

236 C S REQUESTED TO PUESS RETURN WHEN THE LASER

29 C TUNN1IG 5 COMPLETE THE STAGES ARE RETURNED TO

240 C 11HEIR HOME POSITIONS AND THE N1ET LASER LOOPS IN

261 C TURN. < IPTERE ARE MORE LASERS >

36 C

263 C TYPE - 2 THE SAMPLES THE TARGET. SINCE THE STAGES ARE

264 C NOW IN THE CORRECT POSTION POR DATA COLLECTION

am C THE ROUTINE 1 EXITED. THE STAGES ARE SENT HOME

266 C BY TH.E CALLER AFTIR DATA COLLECTION.

267 C
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289 ?(TYPILEQ.1THEN I BEAMS5 SPECTRUM ANALYZER

270 10S PORMATW()

271 110 PORMAT(20X.ILASE ',14.20X,'WAVELENGTH:'.AI5J4

27 112 PORMAT(1OX.7ESS RETURN WHENJ THE LASER 5 CALBRAIM.',/t)
273 114 PORMlAT(3SXWAfflNG...',O)

274 116 PORMAT(40X.S)

273

276 C

277 C THIS PART CALLS THE GRAPHICS ROUTINE TO DISPLAY THE TEXT ABOVE.

276 C

27,

290 W(GRAPH1CS.EQ.1)THEN

2111 RESET - 1 DO NOT REDRAW THE PANEL
282 ANALYTE - LAMDA !PLACE WAVELENGTH AND

283 ANS - CHAR4L + 48) ILASER No. IN VARIABLES

2U4 TXT-FL1G - 4 'FLAG FOR ABOVE TEXT

285 CALL TELTEPTCIXT.LG.PORTRESETANS.ANALYTE.AMOUNVEXIT)

286

287 GOTO 140

289 C

290

291 120 WRffE(,106)

292 WR1TE(,10)lLAMDA

293 WRfTE(-,112)

294 WRITE(.,114)

295 WRITE(-,116)

296 READC((A),ERR-120)IPUT

297

296

299 c REVERSE DIRECTION AND < G > TELLS rr To GO THE SAME DISTANCE

3oo c AND VELocTIy. IONT KEPT A COUNT ON THE NUMBER OF STAGES NOT

301 C MOVED DURING THIS OPERATION. IP T 7- 3 THEN TERE 5 NO HOME TO

302 C GO TOO.

303

304

30a 140 W(1NT.LT.3)WRME(3.,(A4)-7HG I SEND ALL THE STAGES HOME

306

307

* 309

310 C

311 c 7m4 PaOVtDI THE USER WITH ERROR INFORmATION IN THE UNJIKELY

312 C EVENIT THAT A PROBLEM OCCURS WI THS ROUTNEa.
313 C THS 6 WMEW ON THE NUME OP THE REPORT * VARIABL

314 C

315

316 100W W(EPORTOTTHE4 I THERE 5 A PROBLEM

317

316 1010 PORMAT(I0X.14O PILE TYPE WAS PROVIDED BY THE CALLER.J6)

319 1030 PORMAT(10X.11E PME: -,AX0 CANNOT BE POUND ,//

330 1IWO PORMAT(IOXIE WAS AN OPEN ERROR ON THEK FILE: *A20,iI)

321 1040 PORMAT(1I-TE PIL ',AM.' PAILED ON THE READ'A
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32 (REPORTEQ1)WMflEC.1t)

3M4 rfOT.EQ.2)WRlllh(.,W)IM

32 W(3TEQ3)WRTfl r 10300LENM

3M6 FEPT.EQ.4)WTE(..1O4WrMENM1

327

328 ENDIP

329

330 WRflI(3;(A4YYMT ITURN STEPPER POWER OFF!

331

332 RETURN I RETURN TO CALLER

333 END
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AIV.16 Analog APSD Software Modules: NEWFEK Source Code.

I SUROUTIE NE-EW(RAHK)

2 C

3 C THIS MOD 5 CALLED 'NEWEXP' AND 5 ACCESSED BY THE MAIN MEN1U

4 C IT WILL SET ALL THE INSTRUMENTATION TO SPECIFIED POSMfON.S

3 C COLLECT AND STORE ALL DATA. FOR EACH SAMPLE THERE WILL BE

6 C SEVERAL OSCRETE PILES EACH TIED To ONE ANOTHER.

7 C 1. A HEADER FILE DESCRIBING FACTS ABOUT TH4E SAMPLE

8 C 2I ALL SAMPLE DATA FOR THE DIPPERENT wAVELEIGTHS

9 C 3. AN INDM FILE SO THAT THE DATA CAN BE REFERENCED.

10 C

11

12 CHARACTI 1LP4.NAMEO.SAMP20MACD.JT20CONC*15

13 CHARACTER DAW9,PIS*4,P2POS4,MODIMOD2*z.ST.ERR*4

14 CHARACTER OPTNUM1OINFO3,0'ti1,STARTJOS*1O

15 CHARACTER ARWSINCARMSEN.DARIRSAANSLAMDA*13

16 CHARACTER W4AME',F124M7SAMPI.FWM20.FPORrio

17 CHARACTER GS.Cr,MSSTAR1STOP*6lNC6.1ME

is CHARACTER AMOUNT1S.ANALYIE20.5EG3.El

19

20 INEGER CHANGEERRMSG,REPORT.TOTJI4M,FREJEMM

21 INTEER. RECNUM. 15.5 401 .IN.KKDUMMY.TPISTP1YPE

22 INTEGE LASER.T1,LASERSGRAPHIcs

23 INTEER l~TJLG,RWSE

24 REAL ARAY.URAY CRAYDMAY A SED j4CR.AjIN

23 REAL STARTI.DST

26

27 LOGICAL T

28

29 C

30 C ARRAYS ARAY URAY.CRAY.DRAY ARE REDUNDANT DATA ARRAYS THAT ARE

31 C PON THE PRESENT USED To CHECK FOR DIscREPANCIES is THE DATA.

32 C THESE ARE THE TAGGED TO THE POLARIZER POSMONS.

33 C

34 C VERTNERT - ARM' 9 ELEMDMI' X 180 dip -162D RECORDS

35 C VERTI45 dig -BRAY

36 C 45 dgVERT - CRAY

37 C 45 digSdog -DRAY

38 C ALL DATA - BRAY 16 ELEMENJTS X 150 dip - 2W3 RECORDS

39 C

40

41 COMMON MAATh/ARAY(360).RAY(0).C1Ay00).DRAYp0O)

42 EAY08000

* 43

44 D4ENS5 SAM (1AGD )CNC(IO).AMDA(40.LAS(40)

45 DIMENSIONI RDAT(16((1)START(OMSTP~0)INC(o)

46 DW.15b0CI LASERS(10)

47

48 1 FOUtMAT(1'XM6fflsA@oJ4

49 2 FORMAT(A20)

30 3 POSMAT(A4)

N1 4 PORMATMO
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32 5 PC*MAT(A2)

53 6 PORMAT (A)

54 7 PORMAT(s)

35 1 PORMAT (AlO)

36

37 RS- CHA3MO

36 AcCK - CI1AR(6)

39 CS - CHAR(M9

60 CR - C14A1C13)

61 E - CHAR927)

62

'3

65 TIIE-Weiwow to Ude Mulle Mat Ellipeomeh £xPedrne

67 CHANCE -

69 W(rAAPHC..EQ.O)COTO jo

70

71

72 C

73 C TESTTEDATA

74 NAME - 'CHAS'

73 DATE - 7-JAN40'

76 TIME - 17J000

77 NOSAMP - 1

73 SAMM) - GL

79 ACI~()- -D

O0 CONC1) - '. 123mu'

M1 START(1) - Wg.'

62 STOP(1) -. ,

83 tIlC(1) - '1.0'

64

as LAS() -1

36 .AS2) -2

P7 LAS) -3

a LAS(4)- 4

90 LAMDA(1) - '111.I'

91 LAMDA(2) - 'zux3

92 LAMDAp) - '=3.v

9 AMDA(4) - *444.4'9

96

97 C WVh23.EQ0WOOTO 9O

10D C THS CHEME TME IUMJWAL TYPE. IF THE USER IS USING A 7MKTONIX

101 C TERMINAL IM4 ROUTMN WI USE A COLOR CRAPHXCS ROtMIMI DIIGNMI Tro
W20 C CRT ALL THE SAMPL ?4PO3MA11ON POR UP TO 8 SAMPLES.

103 C

NG6 C

1e C CALL IUJPP AMPAE~r-M M-M
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I" C .IVmmmoTNUM'Oripo)

t0? C

uOs C 34uAM..PANESEQ-4)THEN

109 C GOTO ID NOT A TEKTRONIX TERMINAL

110 C

111 C

112 C THIS PART CALLS HE GRAPHICS ROUTINE TNAT TAKES THE SAMPLE DATA.

113 C

114

113 C ESE

116

117 READ(.'(12IDUMMY I THIS S A DUMMY READ
Its

119 CALL TER_.N .. TrfISOSAMP,SAMPAGENT,CONCSTARTSTOPINC,

130 NAME.DAT1TI,7 IEX1T)

121

122 C GRAPHICS - 1 FLAG THAT GRAPHICS ARE

123 C 'INUSE.

124 C

125

126 W(Exr.EQ.1)COTO 1000
127

In C

129 C THIS iTHE GRAPHIKS ROUTINE THAT TAKES SPECIFIC LASER DATA FOR

130 C EACH SAMPLE HOW MANY LASERS. WHAT ORDER. WHAT WAVEL.ENGTHS

131 C

132

133 CALL LASERJN(SAMPoAGENTCONCNOSAMPNAMElLASERS,LAMDALAS,

134 Cfl)

135

136 (IEXIT.EQ.1)GOTO 100

137

138 GOTO 30 f GO KCi EXPERIMENT

130

140

141 C

142 C THIS GETS THE NAME OF THE PERSON RUNNING THE EXPERIMENT

143 C

145 30 PIT 1.1ITLE

146 30 PORMAT . ENTE NAME :"S)

1 47 a0 WRYTE(,0)

148 IMAD(-,2) NAME I INPUT NAME

149 WIME.4)

SO IP (CHANGCEQ.1) GOTO S

4 151

152 C

13 C THIS G5IS THE DAIE ?HE DATA WAS TAKEN
154 C

13

ISO 42 PORMATITL IIN" DATE "j)

1I7 0 WWfl.42)

Is IAD. DAIt I INPUT DATE

139 WR1T14)
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160 IP (HANGE-EQ.1) COM SW0

161

162 C

163 C 7M~ GETS THE NUMUE OF SAMPLES AND IME NAME OF EACH SAMPLE

163

1I6 So PORMAT(TS.' ENTER NUMBER OF SAMPLES '8

16? 60 wRflI(Ao)

148 READ (',-U1R-60)NOSAMP INPUT NUMBER OP SAMPLES

170

171

172 WRITE(,y3 AU. SAMPLES ARE WE SAME TYPE < Y >'

173 READ(A)ANS

174 1P (ANS.EQ.-) Garo 11

173

176

177 D0901-1,14SAMP

179 70 PORMATM13' ENTER SAMPLE NAME'?.' '.s)
160 80 WRITE(,70)

161 READ(.2)SAMPMl !INPUT SAMPLE NAME

182 WRrrE(,4)

183 "0 CONTINUE

14

18g W (CHANCiLEQ.1) COTO SW0

14 GOTO 13D

18 100 PORtMAT(T3 ENJTER SAMPLE NAME )

1og 110 WR1TE,10oo

1I0 READ (1,2)AMP1) INPUT SAMPLE NAME
191 DO 12D I-2.NOSAMP

192 SAMP(I)SAMPM)

193 120 CONJTINUE

194 WorITU.4

196 P (CHANGLEQ.1) COTO 300

196

197 C

1 11 C TM~ GETS TME TYPE OP AGENT THAT WILL BE USED ON WHE SAMPLES

199 C

201 DO125 1 -1.NOSAMP

20 AGINT(-"

303 123 CONTINUJE

2m6

XI wunt(..,

20 120 WRIII(7WILL AGENT TYPE BE SAME POR ALL SAMPLES

20 READ (-AERR-120)ANS

210 V (ANS.)1 GCYTO 10

211

212 00140 I-IJOSAMP

213 140 PORMATT., ENTER AC~t4?.%
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214 ISO WRfTEC.140)I

215 3tEAD(.2)AGEJt(I I INPUTF AGENT NAME
21% WWWA(,)

217 160 CONI.fNUE

21s

219 IF (CHANGE.EQ.1) COYTO SW

220 GOTO 200

221

223 170 PORMATMT.' ENTERAGENT NAME A

224 180 WUW,(170)

225

224 READ,2) AGENT() I INPUT AGENT NAM9

227

23 DO 190.I-2,NOSAmp

229 ACUNTMI-ACENTC)

230 190 CONINUE

231

232 WTW, 4)

233

2m IF (CHANGELEQ.1) GOTO, SW

235

134 C

237 C THSM GMl THE AGEN1T CONCENTRtATION OP '..;E AGENT POR ALL TIME SAMPI.ES
2.29 C

239

240 200 WUPTE(,*WIL AGENT CONCENTILATION BE THE SAME POR ALL SAMPLES'

241 WRIE(,7Y <y >

242 READC.4.EEtR-200)NS

2U3

244 F(ANS.EQn C) OTO 290

347 210 POSLMATMTXLENTER CONC. Of AGlNT(hMgtm3) )

26 30 DO0230 1-INOSAMP

249 W1TE1W.21")

230 MAD(A)CONCMI

231 WWflWA)

W D CONfTNUIE

254 IF (CHA?4GLEQ.1) GaoT 500

925 GOTO 21D

234

25 240 PORMATfYS' NTER CONC. OF AGEnWVW~m) )

M5 IEADrAMOCOMM()

no

241 DO 240 I-2,NOSAMP

242 CONC(l)-CONC(1)

363 240 COIIUUE

am4

245 WU114,4)

247 V IOIAMM1Q.1) COMO90
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270 C 1115 PART GETS M~E START-STOP AND ?.JCREMENT POSffTMO OP THIE SAMPLE
I7 C FOR THE ROTATION I FRONT OF 7ME LASER.

272 C

273

274 270 FORMAT(10). TART POSITON OP ARM <DEGRM>: ,S)

275

276 DO 325 1 - NOSAMP 1 LOOP THRU SAMPLES

277

276 WRffE4r3S2

279 2w0 wvnFtM,2

211

231 READC.'(A6YERR-29D)STARTMI ! START POSITION OP GONIOMETER

X2 WRffEC.4)

23

234 2" 0 POMAT(10XTCREwlD4T OP ARM <DEGRME> : S)

2M36 W WRITEC,290)

23 READ(C.'(A6Y.ERR-300)lNC(I) ! INCREMENT OP CONIOMETER

- WRVECA)

1"0 310 FORMAT(IOX/.JND POSITION OP ARM(DECREES) S

292 320 WRITEC310)

29 READ,(AMY,R-33D~tOPM, I END POSITION OP GONIOMETER
294 WRIT34,4)

23

296 IF "ANCEEQ.1) GOTO SW

297

296 325 CONThiUE

299

300 C

M0 C 1145 PART GXIS TIM LASER WAVILENG-M AND NUh02E. IME NUmUE

302 C 15 ONE or TME FOUR LASERS KIN.G USED FOR TMi PARTICULAR W(P.

30

=0 330 PORMAT(I0XVNTER NUMMR OP LASR TO II USED-A)

306 332 FORMATOM0xSAMPLE No. ',CL SAMPLE 'A20)
307

2W LCN -0o TF11155 AN ARRAY INCREMEN1U

309

310 DO 3601 - i.Ammp I LOOP 11-MU THE SAMPLES

311

312 340 WRITE (*=3)ISAMP(I

313 WRftE (,330)

314

315 RlADf,*.XRR-3W*1AS(I) HOW MANY LASR
316 WRITWA.)

317

316

319 C IM1 PART LOOPS THRU 7M4 LASERS PUAT DIPIED AND QMl IM4

22C ACTUAL LASER NUMBER 1-4 AND ITS WAVELDECTH.
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3n3 343 FORIMATpX1Nflu THE WAVELENCTH FOR THIS LASER -A)
3M9 349 PORIMAT(SX' ENTER THE IASER NUMME (1.-4): )

325

336 DO 370 j - tLASERSM I LOOP THRU THE LASERS

327

326 343 WRITE (I.W)

329 READ(,*,ERR-3LAS(I + LCT GET LASER NUMBER
330 WR ( A)

4 331

32 4 WRITE (,34um

3 READe-*,IR-343)LAMDA(t LCNT) I GET LASER WAVELENGII

334 WRITE,4)

335

336 370 CONTINUE 9 END LASER LOOP
3r7

336 LCNT - LCIT + 4 INCREMENT ARRAY COUNTER

339
340 3W CONTINUE

341

342 C

343

3" IF (CHANG-EQ1) GOTO SO

345

349 C -

347 C TnS PART LETS W --- AE IF HE WANTS TO MAKE CORRECTIONS

348 C AND FUOVIDM A MLA NS OP DOING SO.

349 C

350

381 400 "OMAT (240I)

352 410 PORMAT (T34.HEADER MIL.I)

3S3 42t FORMAT (OXI. OPERATO&- ",A201OX,'2. DATE ',A9, '.A8,0

354 430 FORMAT (!l,'3. SAMPLE',T36,4. AGENrT.5. CONC,)
385 440 FORMAT (XUI3X,AA30AX.Al0,0XAI)

J56 43 FORMAT O0MC" LASERS)

357 460 FORMAT (1X'CLAS ',D,10X.A1S)

338 470 FORMAT (T30,'- GONIOMETER. -D<IMs >1

3P9 480 FORMAT (rtl.7. STAIR: ",T22.A,7,1A. STO. ',T41.A6,

340 1 T49.'9. INCRIEMENT: ",',A&4

361

342
t 363 C

364 C THIS SHOWS THE USER THE INPUTS THAT WERE UST MADE ON THE SAMPLE
345 C HERE EACH SAMPLE S PX7IRE INDIVIDUALLY WITH ITS DATA.

349
4 347

30 ]LcT - o

30 SRT - 1

370
371 S DO 380 I-STRTNosAlP I LOOP THRU EACH SAMPLE

372

37S WRmf~.40)

34 WfTr ,4W)

375 Wor-24)
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376 WE1Th(,42)NAWEDA1UTME

377 Wfltrr,430)

378 WWW,4(.).SAdMI.AGNTICONCI

379 w~r4)

360 WMIRECASO)IASERS4

361

362 DO 51j- .LASERSM1

383 WIIEt,460)1J.S(I + LANT)ILAMDA(l + 1.041)

364 510 CONTINUE

3115

366 WtrE(.4)

387 WUITEC(,470)

30 WUTE(,40STARTMI.STOP(I)*'CMI

309 WRrW,( )

300

392

383

394 540 PORMAT(1OX.-ANY CHANCE? (RETURN POE NONE

395 OR SELECT NUmMER )

306

397 570 WRrlE(r-0

3"

399 READl!.(A.ERI-570)ERlt

400

401 IP(ERR.Q. -)COTO 550

402

403 RFAD(ERR(lZ-ERRW5C

404

405 IP (ERRMSG.GT.9)GOTO 570

406 W (ERRMSC.CT.0) THEN

407 CHANGE -

408 IS T- 1

40 COTO (40.010.20,3 .00V) ERRMSC

410 ENDIP

411 CHANCE-0

M21 540 1.04! - 1.04! + i

413 580 CONTINUJE

414

415 C

416 C AT THIS POINT CONTRtOL DATA 5 SENT TO ADJUS THE MJTRUMENTS

417 C

418 C

419 C 1. OPEN THE SEIAL POR THRU WHICH ALL THE P~S1RUMENTATION L40

430 C AND DATA WILL KCONTROUED AND COLLECTED.

421 C

422

423 572 PORMAT(MIII.101.1HE COMMUNICATIONS PORT MUST BE DEPINED Win)')

424 573 PO~ItAT(loX.TH POLLOWING PARAMETERS:,,#I)

4.25 57 PORMAT(30X,'90 BAUD NO PARITY-)

436 575 PORtMAT(.1 II 1STOP Ur.,o

W2 576 POMAT~lOX'THE POR MUST KIN A ' PASSALL - MODE -.11

4M 578 PORtMAT(10X PRUS RETURN POR DEFAULT PMRT TXA2 ,3

429 V79 PORMATRIOX.94ER THE SERAL POMT NAME- *.S)
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430

431 C

432 C V THE USER HAS A 7ME TERMINAL THEN THE TE.I-imE ROUTNE S

4,3 C CALLED TO DSPLAY THE ABOVE TEXT.

434 C

435

436 SW W(RAPHICS.EQ.1)TKEN

437 "XT,,LG - I I FLAG FOR PORT SET PARAMETERS

4,8 POM -. " ! CLEAR OUT ANY PORT DATA

439 RESET -0 LAG TO DRAW A RED PANEL

440 EXIT o INIImAL[ZE EXT" FLAG

442 CALL "EE.TEXT("XMT..,PG.PORTRESETANS,ANALYIEAMOUNTIEXfl)

444 P(IEXTT.EQ.1)COTO 100W ! USER WANTS TO EIT

445

444 GOTO 569
44,

446 ENDF

449 C

450 C 7M45 TEXT S WRITTEN TO A NON TEKRONIX TERMINAL

451 C

452

453 63 WRfrT(,5')

454 WRflW.573)

455 WRITE,74)

456 WRITE,375)

457 WRTTE,574)

499 Wfrf.7M

490 READt,'(AI0),ERR-53W)PORT

441

442 WP(PORtT.EQ.' )ORT - 1XA2--

463

4"4 3811 OFI(3.PIFLE - PMOTSTATUS-NEW.CARRIAGECONTROL - 'NONE',

44 ARR - 10000)

44'

467 C

46 C "THUS INMAU- THE RELAY BANKS.

40 C

470

* 471 WRffW.(A9)')GSV'WC14.0',XR

472 'ATP(AMyG~rWC0(rCR

473

474 C

475 C WIlTIAUIM MODULATOR 01. TO KEEP THE MODULATORS CALM WE

476 C DSCOVERED THAT PRKR TO TURNING ONE OPP rIS GOOD PRACTICE TO

477 C TURN ANOTHER ON POST. HERE I GET THE FIRST ONE WARMED UP.

478 C

479

446 WRlTM'(A9)GSfWCa0,r'C I MODULATOR *I ON

481
442 C,

42 C 2 14s PAWT REQUESTS THAT THE USER IDE THE METHOD IY WHICH

-219-



Appendix IV

44 C THE ECPEMWT WILL BE SEEN. I HAVE PROVIDED A METHOD

415 C BY WHICH REAL TIME GRAPHICS MAY BE CENERATED IF THE

416 c EERIMENT Is CONDUCTED ON A TE'MONIX TERMINAL

417 C MOOS 41t OIt ABOVE. ADDITONALLY, THERE 5 A METHOD

418 C FOR VIEWING THE A/D VOLTAGES POR EACH DATA CHANNEL PER

419 C DATA COLUECTION CYCLE. THE USER MAY OPT POR A QUIFT

490 C CYCLE WHERE NO DATA 5 PRESENTED TO SPEE UP THE DATA

491 C COLLECTION IF THE RUN lIME CONFIDENCE 6 HIGH.

492 C

493

494 31 PORMATIIIII,SX,ENTEM THE TYPE OF OUTPUT DESIR ',/h)

495

49 5a2 PORMAT(10X,'1. REAL TIME A/D CHANNEL VOLTAGE OUM'I/)

497 564 PORMAT(10X)2. NO DISPLAY OP DATA'/)

49 S FORMAT(10X.'3. EXIT ROUTINEj)

49

500 C

501 C THIS PART CALLS THE GRAPHICS ROUTINE TO DISPLAY THE TEXT ABOVE

50 C AND RETURNS ITS ANSWER IN " ANS.

503 C

W4

ms IFGRAPH CS.EQ,1)THEN

Ni* TXTPLc - 2 FLAG FOR DISPLAY PARAMETERS

507 RESET - 1 . FLAG NOT TO DRAW THE PANEL

m aI" - 0 INTmALIZE EXTI LAG

510 CALL TEKTXCr'Lr,ORTRESETANSANALYTF-AMOUNT Xlr

511

512 IF(IEXTr.EQ.1)GOTO 10000 ! USER WANTS TO EXIT

513 GOTO 589

314

515 ENDI

316

517 C

31I C THIS 5 THE NON TEXRONDx TEXT TO GET THE TYPE Of OUTPUT THE USER

519 C 5 REQUESTING

33 C

521

322 993 WUTE(J681)

524 w~rFIE84)

525 WRMEC,566)

36

s33 U(.Q.'.tAN mS.Q.OANE.7G O5

3"IPANS.EQ.,i ".OILANS.EQ.7.OR.ANS-EQ.'J)COTO W@9

531 GOTO 593

33 C

33

53 539 I GRAFHKSEQ.I)Th ! USER HAS A "rlEERMIAL
537
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sm F(ANS.EQ.-1'THEN 'USER WANTS REAL IME GRAPHICS

5"9 SIP -1 I SET THE DISPLAY FLAG FOR TEK

540

541 ELSEIF(ANS.EQ.7)T)HEN - USER WANTS A/D VOLTAGES

542 GRAPHICS - 0 FLAG THAT NO GRAPHICS REQUESTED

543 SIP -2 1 SET DISPLAY FLAG FOR CHART MODE

544 RESET - 2 ! DELETE THE RED PANEL

545 CALL TEK-TEXT(TXT..FLG.PORTRESETANS,

546 ANALYIEAMOUNTIEal)

9 547

548 ELSEIP(ANS.EQ.-nTHEN I USER DOSENT WlANT ANY OUTPUT

549 SW - 3 1 SET THE FLAG FOR QUIET MOVE

550 RESET - 2 ! DELETE THE RED PANEL

551 GRAPHI1CS - 0 IFLAG THAT NO GRAPHICS REQUESTED

552

553 CALL IT..1liCT(TXT-PLGPRTRE5ET, ANS

554 ANALYTE.AMOUNTMM~f)

5 ENDIF

557

556 C

559 C THE USER DOES NOT HAVE A GRAPHICS TERMINAL

540 C

541

562 ELSE

563

344 IF(ANS.EQ.'IITHEN 'USER WANTS A/D VOLTAGES

565 SP, - 2 ISET DISPLAY FLAG FOR CHART MODE

54'

567 ELSEIP(ANS.EQ.o2)THEN. ! USER DOSENT WANT ANY OUTPUT

568 STP - 3 SET THE FLAG FOR QUIET MODE

5',

570 ESEI(ANS.EQ-)7MEN USER WANTS TO EXIT

571 COTO 10000 I RETURN TO CALLER

572

573 ENDIF

574

575 ENDWP

57'

577

578 C 3. THIS PARtT ISTAIILISHES CONTACT WITH THE A/D CONVERTER VIA

3 79 C THE UPLINJK CONTROLLER CARD 84. THIS IS DONE BY SENDING A

540 C COMMAND - CHARCM9 #I D4 >. THIS CHANNELS ALL SERIAL DATA

391 C TO THE AM BOARD.

so2 C THE AID 5S AWAKENED BY 2 CARRIAGE RETURNS UPON WHICH IT

31 C RETURNS A HYPHEN. THE COMMAND < ST-701 EXECUTIVE ON >

544 C ISSU54ED BY IME HOST COMPUTER TO ENTER EXECUIVE MODE

385 C AND ASTAR '*PROMT ISSUED Y THEA/DIF ALL 5

566 C WELL AT THIS POINT THE AID 5S READY To COLLECT DATA.

5W7 C IFTHEE5 APROLEMTHE REPORT RAG WILL - I.

566 C

so9

3m 90 loT -0 1INIJTIALIZE THE REPEAT COUNTER

391 REPO"T -0 1 INIIALJZE THE REPOR FLAG
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392 ! -I1

3

M9 C WRWlE()T1.RMPORTPORT.CHAN,RDATHEX(

395 FORT - 1xA2:

5,4

597 C PAUlSE CALLING DATEL TO INmTALIZE rr

mW

99

600 CALL DATEL(T,REPORTPORT.IC1.CHAN.RDATHEK)

401 1 GO AWAKE THE AM) CONVERTER

602

603 W(REPORT.EQ.1)THEN I THERE IS TROUBLE

604 IF(ICNT.EQ.3)GOTO 10000 !IF OVER 3 TRIES ..QUIT

605 WTMV'E()

606 WRITE,7 THERE 5S A PROBLEM WAKING THE AID CONVERTER'

607 Wiml(

Go6 WRITE,-)' CHECK THE CONNECTION AND PRESS RETUJRN'

60 WRffr,*()

610 WRITEr,*)

611

612 READC,'(AY,ERtR-55)ANS ! READ THE INPUT

613

614 US5 ICNT -laNT +I COUNT THE TRIES

615 GOTO 590 1 TRY THE A/D AGAIN

616 ENDIP

617

618 C

619 C 4. THIS BEGINS THE LASER CALIBRATION SEQUENCE HERE A PREDEFINED

620 C MIE I SPECTRUM.DAT *CONTAINS THE STAGE POSITIONS

621 C NECESSARY TO CHANNEL THE LASER BEAM PROM EACH LASER INTO

622 C A SPECTRUM ANALYZER. IF THIS FILE DOES NOT EXISTI TH-EN

623 C THE USER 5S INSTUCME TO GO TO THE CALIBRATION ROUTINE

624 C DEFINED IN THE MAIN MENU.

425 C

636

627 REPORT -0 o INITILIZE ERROR FLAG

638

W29 WRffF43,.(A4y)GS//7CR INITIALIZE THE OPTIC

430 C I STAGE CONTROLLER CARD

631 WRI.(A2)yE' f SEND STARTUP COMMAND

632 WRMp.*(A2y'E' I SEND STARTUP COMMAND

63

634 WUI'E(3.'(A9)7YE MN SID 'TURN ON CONTROLLER

635 I PLACE IN NORMAL MODE

436 C

437 C THIS PART MAKES THE USER CALIBRATE THE LASERS THAT WILL BE USED

46 C ON THIS SAMPLE- THIS IS DONE ONCE FORt EACH SAMPLE UNLESS A

630 C CALIBATON' IS NOT NEEED. THAT IS IF SAMPLE 24 ON LASER #1 5S

640 C THE SAME AS LASER 01 ON SAMPLE V'

641 C

442

643 DO 5S951- 1.LASERS(l) LOOP THRU LASERS

444

Go OPTIC - CHAR(4S 4 LAS(I 4 LCH'I)) I ACTUAL LASER NUMBER
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64 LASER - LAS(O + Lm HOLD N BUIN FER
"7 TYPE - 1 I FLAG POR SPECTRUM SETUP

"49

650 CALL MOV-TAG(LASE.LIYFILAMDA(,STARTJOS,R1PORT,

651 GRAPHIS)

6=2

653 59S CONTINUE

656

656 C

67 C THIS ERASES THE RED TEXT SCRE N

656 C

660 RESET - 2 f DELETE THE RED PANEL

661 CALL TEBTE)CXTJqGPORToRESETANS,

662 ANALYn.AMOUNT.IEXrI1

663

664 C

665 C

66 C INMALZATnON 5 COMPLETE AND THE ISRUENTS ARE READY TO

667 C COLLECT DATA.

666 C THI S THE IEGMNIG OF THE MAIN DATA COLLECTING LOOP

669 C

670

671 LCrT -0 LASER ARRAY INCREMEN1EIR

672

673 DO 1070 LOOP - INOSAMP I LOOP THRU ALL SAMPLES

674

673 C

676 C THI CONVERTS THE CHARACTER INPUTS POR START, END AND INCREMENT

677 C ANGLES TO REAL NUMRS.

678 C

679

660 OW RADpTOP%(W),PN6.2Y)BEND

"I1 READ(STARTLOOPt(6N.F6.2y)RARM

662 READ(fl.C(L0OOP'(UNF6jy))RlNCR

664 rHO13 -WIX((REND - RARM)RINCR) + 1 ! TH IS THE TOTAL No

665

6"6 C

"7 C THIS CALLS THE GRAPHICS ROUTINE TO DRAW A BAR GRAPH. THE USE

6N C HAS THE O" SELECT ALL OR PJST SPECIFIC MATRIX ELEDENvTS

69 C TO K GRAPHED FOR THE EXPERIMENT.

60 C

692 W, OP3rQ.l.AND.lLCT.l)TPl - I

693

694 WPTP.BQ.1I1IHEN
as

696 CALL OI.SAMPLO MA.GNTLOO~CONCLOOP)LAMDAMI)

699
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700 C

70 C TMI PART ESTABUSHIES IF T4ERIE 15 GOING TO BE ANY CHEW19MY

702 C APPLIED TO THE SAMPLE. IF SO THE SAMPI.E STACE MUST BE MOVED TO

703 C THE APPARATUS THAT SUPPLIES THE CHEMICALS.

704 C

705

706 WP(AGENT(LOQF)-EQ.'NONE)THE.J

707 RESET - 2 FlRAG TO CLEAR THE SCREEN
706 CALL 1TUTC(TICT.LGPORTRESET ANS ANALYMEAMOUNT.IEXIT)

709 GOTO 605 1NO AGIENT FOR 1HI5 SAM?
710 IERDIF

711

712 C

713 C IF THERE 5 GOING TO BE AGENJT APPLIED THEN WE COME HERE
714 C 1 TURN OFF THE OPTIC STAGE CONTROLLER. TURN ON THlE SAMPLE STAGE
715 C CONTROLLER AND MOVE THE THE SAMPLE 1U00W STEPS COUNTER CLOCKWISE.
716 C 1HIS EQUALS A FULL 90 DEGREE ROTATION.

717 C

715

719 WRIT~c3/(A2yYF DSABLE OPTIC CONTROLLER

730 CALL TWArr(3)

721 WRrMO3;(A4Y')GS/fDOIICR *INITIALIZE CONTROLLER

722 CALL TWAITC3)

723 WRI7EC.(A4WflCS//C'R 'INITIALIE THE SAMPLE
724 1 CONTROLLER CARD

725 CALL TWAIT(S)

726 WRTE(3,'(A9y)E MIN STO TURN ON CONTROLLER
727 'PLACE IN NORMAL MODE

728 IAND POWER DOWN MOTORS.

729 CALL IWAIT(3)

730

731 WDS- Is=0

732 CALL INT-.TO-.CHARIDST.STARTIOSLE)! CONVERT IT TO CHARACIIER

?w3

" TYE- 3 1 FLAG TO MOVE SAMPLE
733 I STAGE ONLY
736 CALL MO-TG(AELYFLMD~)SATYSRT

737 .GRAPHICS)

738

739 ;

740 C SEND A MESSAGE TO THE USER TO APPLY THE CHEMISTRY AT THIS POINT.
741 C 1TM55 PRESENTLY DONE MANUALLY. JUST WAIT FOR A RETURN TO BE

742 C ENTOLED.

743 C

744

745 420 FORMAT(IOX1-Mi SAMPLE 5 NOW READY FOR THE ',A20)

746 422 PORMAT0(1,APPLY,~AI0,' (MWm) TO THE SAMPL1ij)

747 424 PORMAT(1GX.IRE TO GO ON.')

746

749C

75 C IF THIE USER 5 USING GRAPHICS THEN THE~ ABOVE TEX 6 DISPLAYED

73 C I GRAMPHIORM NY CALL THE TEK TEXT ROUTINE

MU C
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755 c PAUSV ABOUT TO MOVE THE SAMPLE*

77

75 weLOOP-EQ.l)734EN

759 RESET - 0 PLAG To DRAW A RED PANEL

760 ELSE

761 RESET - I I FLAG NOT TO DRAW A RED PANEL

762 EbDI

763

764 IEXT -0 1 INftIALZE E(tT PLAG

765

766 ANALYTE - AGENT0LOOP)
4767 AMOUNT - CONCOLOOF)

763

769 TXT.JLG - 3 1 FLAG FOR SAMPLE PARAMETERS

770

771 CALL 1EK-1XTTJC.PORTREEANSANALYE.AMOUNTIXfl)

772

773 PO(EXfl.EQ.1)GOTO 10000 I USER WANTS TO Exit

774

77S C

776 C THI CLEARS THlE ENInRE SCREEN PRIOR TO GOING ON WITH THIE PROGRAM

773

779 RESET - 2 1 FLAG TO CLEAR THE SCREEN

7-0

731 CALL T~ETXT(rCTJLG.PORT.RErANS.ANALnLAMOUNTIEXM

732

733 COYTO 623

734

73 DODW

7.6

737 WmnICrAM0AGET(LOOF) I TELL THE USER TO ADD
73 WWffEA22)COtJCLOOP) ITHE SPECIFIED CHEMISTRY
739 WRfECA,24)

73 MSC(1:I) - ICLEARTHM VARIABLE

792

79 CALL TWAIT(30)

794 C READC,(ATERR-26)MSG READ TH MESSAGE
* 79

796 ~ S(:).Q GT 629 Go SEND STAGE HOME

797

79 G0To 636 1INPUTBAD..DOIT AGAIN

6 73

lWI C TIS MOVES THE SAMPLE STAGE BACK TO TS HOME POSITION.
M0 C fT ADDITONALLY DISABLES THE SAMPLE STAGE CONTROLLER.

W6 C THEN WAKES TFIE OPTIC CONTROLLER CARD AND PLACES THE OPTIC

M9 C STAGE CONTROLLER IN NORMAL MODE.

s

30? 6U lOST -22-5-0
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m CALL I ARD6H AITSTART-.POSLE I CONvERT rr To CHARACTER

810 TYPE -3

i11 CALL IOV-'TACX&(LSMTYF LAMDAISTAItTOSREPORT,

SI2 GRAPHICS)

$13

814 CALL TWAIT(3)
515 WRflEO,'(A2)yP' 'DISABLE SAMPLE CONTROL

616 CALL TWArro)

817

Is 6w WR1I".,'(A4prD0',cR INImALIZE CONTROLLER

519 CALL TWAJ T )

820 WRTE0,'(A4Y)GSD2IIcR t INmALRZE THE OPTIC
221 C STAGE CONTROLLER CARD

822 CALL TWAIro)

123 WRftE.,'(A9)fE MN STO' TURN ON CONTROLLER
824 CALL TWAT(3) ALL MOTORS DEINERGIZED
825

834
82 C

829 L - LOOP I SHORT SAMPLE COUNTER
83O K -1 I INIIALIZE LASER COUNTER

831

832 C

833 C K- COUNT ON THE NUMIER OF LASERS USED IN THE EXPERIMENT
834 C HERE THE OPTIC POSITIONS ARE DETERMNED BY THE < LAS) >
8I5 C
SN

837 610 K - K + LO.JT I INCREMENT LASER COUNTER

53'

W3 LASER - LAS(K)
540

841 C
84 C THIS SETS THE TRANSLATION STAGES IN THE PROPER POSIONS TO

43 C SEND THE BEAM TO THE SAMPLE.

44 C

843
46 415 "TYPE - 2 FLAG TO LINE REAM WITH SAMPLE

847
so CALL MOV-.AlAASETYPILAMDA0STARTI S,E T,

N9 GRAPHICS)

$51 1(REPORT.GE.I)GOTO 1000 ! EXIT PROGRAM ON ERROR

552

553 C

884 C HERE THE SAMPLE SrAGE is SENT TO irs START pOSrON.

853 C

S57 START - 90.0- RARM I DEGREES TO START POSITION

S" lIST - IX STARTl * 200.0)! STEPPEr MOTOR IRCMENi3

so0 58056 - lIST

#61
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33 CALL T-To..cHAUaDwsTTART...t.E)! SCONvERT fl To CHARACTER

3I" WWfI.'(AZfl7

an

I" CALL TWAFM0

35 WRTE.(A4lCWffDOl 'IrrmALM CON'TROLLER

an3 CALL TWAff0)

m5 W pMQ 5ff D3 71CR I l~4mAL= THE SAMPLE

370 I CONTROLLER CARD

9 3an CALL TWArT(S

373 WRIIIP.'(A9)7 N SI I TURN ON CONTROLLER

3W4 1 PLACE INJ NORMAL MODE

37s I AND POWER DOWN MOTORS.

376 CALL TWAflC)

377

3gm IPE-3

379 CALL MOY. STAG OSERTYPLLAMDA(I)STARTJOS.REPORT,

.3 GRAPHICS)

so1

No2 C

3 C THE PART OPENS THE PROPER SHU.T= SO THAT THE PORPER LASER BEAM

034 C CAN CHANNEL 17S WAY TO THE SAMPLE. 5TiS 16 -19 REPRESENJT

333 C CONTACT CLOSUES POR LASER SHUTTERS 1 -4 RESPECIVELY.

U6 C

3m CALL TWAirci)

3no W(LASEQE.1)IMEN

m9 WRfTGP.,(A9Y)S/FS WC2.VIICR !MODULATOR 01 ON

3a3 CALL TWAIT(Z)

a" WRJTEQ;(A9'flSWrWCI~o'UR I MODULATOR 02 OP

a"5 CALL TWAP)

335 WRflTW.(A)5V5~W0.'CR fMODULATOR *30OFF

w9 CALL TWAIT(2)

m VlRlTE3.(A9r)GSrsWlC23,c'CR I MODUJLATOR #4 OPP

901 mp.(9)1Gff~w15. I LASER SHUTTER M1ON

so2 CALL TWAFTM2

v 10 WUfMp.(AVfGSrWC17o'UCR !LASER SHUTTER 02 COP

903 CALL TWAFf(Z)

s WRflIO;(AWflcWdtWCl&WIICR I LASER SHUTTER 03 OwF

"s CALL TWAffTP)

907 Vl~nSP'(A"flGSffWCl9.0'lC I LASER SHUTTER 04 OwF

"13 lfflTlX'A)lGRVWl.V' f MOXuLATOR #2 ON

914 CALL TWMITP)

915 WN1 (Ay)W)CV5 ArCR IMODULATOR *1 OwF
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916 CALL TWAflT)

917 UTE0.A MfW22-7/CR 1MODULATOR 03 OPP

98 CALL TWAT(2)

919 w3I3,'(AW)CS~%wOAi/cR 1MODULATOR 840OPP

9w0 CALL TWAIT(2)

921

922 wRmP.(A9Y)Sr%wC6.//Ca LA.SE SHUTTER 8t 099

9on CALL TWAITP)

924 wW=,/(A9lCVWC ,'hCR 'LASER SHUTTER 02 ON
92n CALL TWAIT~)

ga wflEP.(A9YflwCm.f/mR LASER SHUTTER 03OP

927 CALL TWAJ(2)

9mJ lW.f!Q(AVmSr~wC9fR/X t LASER SHUTTER 84099p

929

9w0 ELSW(LASERLEQ.3)TH

931

932 CALL TWArc)

9RD WRJTW3.4A9nMC/,,WC2.,,,CR SMODULATOR #3 ON

934

935 Wfl43;,(AWflCS/,%WC0o'//CR MODULATOR 0 10PP

936 CALL TWAT(2

9w7 WUITEP(A9lGS/f%WC1frICR MODULATOR #20OPP

I= CALL TWAI(2)
939 WRflP.(AW)CS,%W3A0'CR IMODULATOR 840OPP

94o CALL. TWAI(2)

941 WllAlTP.5ArtCWC16.'//CR 9LASER SHUTTER 0 10OP

942 CALL TWAIT(2)

943 WffMPAAWy)S/r%WC17r/XC 'LASER SHUTTER 820OPP

944 CALL TWAIT(2)

963 WvTE(3:*(A9)GjrWC19.vII/C* LASER SHUTTER 03 ON

941 CALL TWAIT(2

947 WRrnE;(A9)CS/fWC1.WIPCR LASER SHUTTER 840OPP

949

951 lSI(ASULSQ.4T14!N

9go WRffP.(A9Y)CWrW31'/ACR I MODULATOR 84 ON

964 CALL TWAIT(2)

965 wRM (A9)CSWmc20.fcR t moDULAToR 81 099

956 CALL TWATTP)

97 WRft,'(A9rPCSrtWO C~r/ MODULATOR 020OPP

96 CALL fWAIT(2)

969 WWn EP:(A9T)CS/rt W02.@'R SMODULATOR 03 OPP

940 CALL TWAT(2)

941 wR"0,(A9Y)CSfWrC6wIcR I LASER SHUTTER #I 0Opp

942 CALL 1WAITpM

%43 WRM.IP(AOY)CWMfWCI.ffhCR ILASER SHUTTER 02 P

944 CALL TWATTp)

948 WWTWI,'(AWflCSVWCSM I LASER SHt'TER 030OP9

946 CALL 1WAflp)

9w W9IfGM*AWXWSVWC19.1A#M I LASER SHUTTER 84 ON
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972 C SEBTAUH THE CONNECTION WIM1 THE 03 SERIAL NODE CONTROLLER

973C

974

973 CALL TWAIT(3)

976 WUMQ,3.(A4y)CSIPY/,CR I

977 CALL TWArT(2)

9"9

Ill C HERE THE DATA COLLECTION C1INS. ALWAYS I THE SAME ORDER

to2 C

014 3.luSE- o

016 CALL VV SHNOTS,?4USET.5,,SAMPRINCRARM.REND

987 .ANGLESTP.PORT)

-t C CALL PRtJT-JT

'9"

991 CALL V4(SHT.IUSE5.M.AMRCRRARMREJD,

992 .AN=ISTP)

99 CALL P45vPfnIN4USE Tr.,AM P. NC.RARM.RE1D,

9G .ANGLFSTP)

99 CALL P545(SN OtUSE.INT5.SSAIRJCAARMREND,

916 .ANCLESTP)

'97

lows C

1001 C THIS PANT DGEM ThE CHANNEL CRAM41CS THAT WERE CREATED ON THE
1002 C LAST PO1ARIZER PERMUTATION.

1003 C

1006 IPqGRAPI6C.tQ.)THE4

logs mEG - Im ISEGMENT NUMUE

100 CALL INTEFT(SEG.SEC) I CONVERT TOM1 CODE
tor Ww.ffw#SGG DELETE THE SEGMAENT

"m0 WRffE*W 11RENEW THE VIEW

10o EDI

1012 C IM4 PART CLOSES ThE LASER SHUTrTER THAT IS CIURENTLY OPEN

1013 C

10114

tM3 CALL TWAIT(2)

101U POASEEQ.)THEN

10s W%1T6M'(AT)GSVIWC6oNCK LASER SHUTTER 010OPP

1019

no" I1JW(LAS11LQ2)ThEN

1611 W1P1A9)CWVWC7.vcu LASER SHUTTER 02 OPP

nom USMWJJERA9T96E
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1024 WRTE(3.'(A9MflCfWCI8a,0qC2 LASER SHUTTERU 03 0FF

1025

1026

1027 ELSEW(LASE.EQ.4)TH9Ed

1030

102 W~rfl,(A9) 4dfWC1,II/CR LAODULATOI1R ON

103,0

1031 CALL iWAIT(3)

1022 WRrTEP.,(A9)GS/,%WC23, VIJCR MOD0ULATOR 4 OFF

1037

1024 CALL IWAIT(2)

1025

102 C WRfE(3AKJS)OTHE CONECIONWTR TE0 SEIAL NO4 CONROLE

10237

10246 1D

1029 CALL TWAT(2)

1040

1041 C

1051) C THISPTSND AE CTETAGES TTH m 4 ER O L POITIONOTHAOLTE

1042 C

1054

104 WRflT(3'(A7)flCSIDC

1046

1049 C S iw

1051 C s N-C IAE CAI TRT91

1052 C HM KM HM

1093

1055

1062 TYPT - 130

1040 CALL ?T.T0A3(HOLASITPLASTARTJO.LE SCON E T OCARCE

1064 GRAPHICS)

1048

1044 wNTE(3,-(A21)7ps wnT 214 2C 2CR C

106 CALL TWAfTPJ

1low

1069 31ADP.(A8OT,ERR-30)MSC

1070

1071 430 CALL TWAI(3)

107 11C-W

1073

104 WUTI(AsnwZI

107 CALL TWAITP)

107 W.M'(A2yInf 3511 3H1 X 3CR C
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10V$ CALL TWAITP)

1079 EADP;'(AWO,ERR-60)MSC

1011 640 WRffE0.,(A5)73510

143 MSG .

1063 CALL TWAIT(3)

1064

1435 WRrr(3p/(A2YyF I TURN OFF THE SAMPLE CONTROLLER

1016 CALL TWAflT3)

ion

1069 114RAPICS-Q1)THEN

104 E - CHAR(27)

1002 CALL INTRPT(5EG.SEC)

1003 WRflE*.WD/S7I

1094 W RnT*,WEN~

1095 ENDIW

1006

109Y7 C

10ON C THS PART KEEPS A TOTAL COUNT OP THE DATA RECORDS ON PILE

1099 C

110)

1101 9W0 INQUIREMLE-tdDEX,E)CT-T) !5 THERE A PILE HEADER NUMBER

1102

1103 IF (.NOT.T)THEN

1104 RECNUM - 2 !THE PILE HAS NOT YET GOT DATA

1105

1106 OPENI (L?-1,97Z-?4DE,ACCSS-IECrSTATUS-'UNKflOWN.,

1107 .PORM-1)RMATRY, RECL-134)

11011

1109 WRfTE(1.REC-I.PMT - 7,ERtR-970)RECNUM !TOTAL RECORD NUMBER

111 WRflI(,)-IHE CURRENT RECORDS ON PILE ARE 'jRECNUM - 1

1111 G0TO O0

1113 ENI

1114

1115 C-

1116

1117

1118 OPN O.PflE-ID~.ACCSS-IREC.STATUS-uNNOWN.

*1119 PO~tM-oltmATIY, RECL-134)

113

1121 READ(1REC-1.PT-7ERR-93MREOUM

112

112 9W WRIIE(.7TH CURRENIT RECORDS ON PILE ARE ',REO'4UM

1124

1135

1121 C BELW THiE INDIX PILE 5 WRfITTE TO AND WILL CONTAIN

1127 C THE DA~TESAMPLE.AGENT.AND THE LASER WAVE LENGTHS

flu C CONCETRAION VALUS WILL BELISTED WITH HEADER DATA

1129 C ~ *-~

1130

1131 96S VOMAT(IAA9,A2A0^A1,A5j4AP.2V
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1132

1133 OW0 WU IRCRCUW-5,RR90RCUALAFR

1134 SAP AETLOCL,~AAKLMIHTAMRNIC

1135

1136 WhEF1,REC-1,PMT-7ER-70)REJUM,1I !INC &WRITE COUNT TOPFIE
1137 970 CLOSE (I)

1136

1139

1140 C

1141 C NOW THE ACTUAL DATA 5 STORED. IT WILL SAVE AS MANY FILES FOR 9
1142 C EACHI SAMPLE AS THERE ARE LASERS (DIFERNT WAVELENJGTHS). EACH
1143 C TOMG THE MOD 6 REACHED ONE SAMPLE HAS BEEN LOOKED AT.
1144 C

1145 C

1146

1147 995 LI-a

1148

1149 CALL INTCHARO-4UM.FNAM-LE)

1150 FILJM-FNAMV/rDAr

1151

1132 DO 1000 J-1,20

1153 IF (FILREMOj:DEQCHAR(32))GOTO 1000

1154 L1-L1+I

1155 PLNM(LI:LI)-FW4EM:D) SHORTEN THE FILE N AME
1156 1000 CONTIUE

1157

1155 IlSM-

1159 FNAME -

1160

1161 1005 FORMAT(P7.5)

1162

1143 OPEN(1.FII-F1MACCESS-'DWrRERCL7Ot81'A E.
1144 STAT Js-NEWER-i0o

1165

114" 11- SHOTS110

1167

11t" 1010 DO1015EK-1fl

11t9 WRIT(.EEC-KK.FM1 005.ERR-1015)ARtAY(K))

1170 1015 COINUE

1171

1172 1-0

1173 a -KK

1174

1175 1050001025 KK-L.I1I +1

1176 1-1.1

1177 WRI1EAE-KXPMT-10058ER-1025)BRAYg) 
A

1175 1025 COOWRE

1179

1100 J-0

11st1 f- RE

1162 1030 DO 1035 WX- .n~ * -

1183 1-141

1186 WUPh(1.RC-KKPMT-1005El-1035)CRAYQ)

IlaS 10s CONTI[R
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1106
1187 1- 0

l183 U3-XKE

1190 1040 DO 104ISKK -ELI1 + D - 1

1191 j-I + 1

1192 WRrflREC-XK.PhrT-l1S0,ER-1045)DRAYO)

1193 1045 CONT1NUE

1194

119 - OT * 16

11%l 1 - XK

1197 1-0

1183

11" 1050 DO10S5KK-I11+12-1

120 J-j+1

1301 WRf.(REC- KKPT-1005,ERR-1055)ERAYW)

12302 1055 CONTINUE

123

124 CLOSE(l)

12KS

1206 C

1207 C NOW I SWTTCH CONTROL TO THE OPTIC STAGE CONTROLLER

120 C IP THIS 5 LASER 01 NO ACTION NEED BE DONE.

132 C POR LASERS 2 -4 1 SEND THE STEPPER MOTOR 01 OPTIC STAGE HOME

1210 C IP 111S 5 LASER 03 1 SEND STAGE $230 STEPS HOME

1211 C U T11H 5 LASER 94 1SEND STAGE 0212 000 STEPS HOME..

1212 C

1213

1214 WRJTE,'(A4f)GS/rDO'IlCR INITIALIZE CONTROLLER

1215 CALL TWAfTP)

1216 Wl'IO,'(A4)")C/M2IICR ! INIT
'

ALEZE THE OPTIC

1217 ! STAGE CONTROLLER CARD

1210 CALL TWAII') ! PAUSE Yi0 SEC

1219 WaflrT';(A9)7l MN STO I TURN ON CONTROLLER

1230 CALL TWArt()

1221

1222 C

1223 C T1S5 THE END OF THE LASER LOOP. WHATEVER LASER WAS LAST TO

1224 C TAKE DATA MUST BE SENT HOME BEPORE WE MOVE TO THE NEXT SAMPLE-

1225 C

1236

1227 IF (IGE.LASERS(OOP)TIEN THIS WAS THE LAST LASER

1230 LASa.Q.1)GOTO 100 P LASER #1 DO NOTHING

1229 GOTO 1090 1 ELSE MOVE ON..

1330 omw

a 1231

1=2 C

1233 C IF THS LASER #1 AND NOT THE LAST LASER THEN WE INCREMENT THE

12I4 C LASER COUNT AND GO GET THE NEXT LASER DATA. NO MOTORS HAVE

1116 C TO K MOVED.

1229 C

133

12M W(LAS(450EQ1ThE

139 K-K+I
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1240 GOTO 610 !DO NOTHIG IF LASER #1

1241 ENOIP

1242

1243 C - HERE I SoD STEPrER at TO ITS HOwE

1244

1245 1060 WRI1E(,-)ASER - .LAS(K)
1246 WRITEP(A&S')IPS ISTI lV20 1A35 ID52000 C lXI C

1247 CALL TWAIT(3) PAUSE 3M10 SEC

1248 RADPo.(A255)')b6SC

1249 WRrrE(,*- MSG - ",MSG

1250 CALL TWAITS)

1251 WRfE(,'(AS)-ylSl •

1252 CALL TWAiTp3) I PAUSE 3M10 SEC

1253

1254 C

1255 C W LASER IS NUMBER 3 1SEND r" HOME

1256 C

1257

1250 ,AS(K).EQ-3)THEN

1239 WflT(3,'(A36))2PS 2ST1 2V20 2A35 2D-4M C 2X1 C'

1260 WIUTE(*. AT A READ SENDING MOTOR 02 HOME

1261 CALL TWAIT(3)

1262 READ(3.'(A8O)MSG

1263 WRITE(.7* MISC - ',MSG

1264

125 WRfE(3'(AS)1'2ST"

1266 CALL IWAIT3)

1267 ENDIP

1269 C

1270 C IF LASER 5 NUMBER 4 1 SEND IT HOME HERE

1271 C

1272

1273 n(LAS(K).EQ.4)-HEN

1274 WUTIRE3.(A3J7'2PS 151 2V20 A 2D-1260W C 2XI C

1273 WRM(* AT A READ SENDING MOTOR 42 HOME

1276 CALL IWAITS)

1277 READ°(AAMO)MSC

1278

1279 WRI o-) MSG - ,MSG

1230

121 W29r1l,'(A.)715l0

1282 CALL TWAIT(3)
12S3 SNOWP

lat
1286
1 7 IP (K.G-LASERS(LOOP))TEN 'TInS WAS THE LAST LASER

1288 LO.T - LOJT . 4 ! INCREMENJT THE ARRAY COUNTER
1289 GOTO 1090 GOTO NEXT SAMPLE III ANY

t290 END0W

1291 C
1292 C "M WE CONINUE T4RU THE LASER LOOP WHERE WE ASK THE NE)'T

129 C LASER TO SHU ON THE SAMPIL

-234-



Appendix IV

1295

1296 K-K1 I KINCREENT LASER COUNTER
1297 GOTO 610 ! GOTO NEXT LASER w THERE ARE ANY

1299

12"1300 C

1301 C THIS MAKES THE USER TUNE THE LASER POR THE NEXT SAMPLE.

1302 C

1303

1304 1090 DO 1100 - 1.LASERS(1 +1) ! LOOP THRU LASERS

1305

1306 OF'TIC - CHAR(48 + LAS(J + LCNT)) ! ACTUAL LASER NUMBER
1307 LASER - LAS( + LCNT) I HOLD IN BUFFER

1308 TYPE -1 PAG FOR SPECTRUM SETUP

1309

1310

1311 CALL MOV-STAG(LASER 1YPELAMDA(),STARTPOSREPORT,

1312 GRAPH41S)

1313

1314 11Oo CONTIUE

1315

1316

1317 C

1318 C THIS ERASES THE RED TEXT SCREEN

1319 C

1320

1321 RESET - 2 DELETE THE RED PANEL

1322 CALL. TEKTEXT(TXTPLG,PORTRESETANS,

1323 ANALYTE,AMOUNTIXIEn)

1324

1325 C

1326 C THIS THE BOlTOM Of THE SAMPLE LOOP
1327 C.

1326

1329 1070 CONTINUE

1330

1331 WUIUFE(,'(A2)yp • DIABLE CONTROLLER

1332 WREn3,(A4fl Slr)OICR ! INmAL,'E CONTROLLER

133 t COMMUNICATIONS

132

1336

1337 IPLAG*0

13319

1340 1000 CLOSEP) I CLOSE CONTROLLER COM PORT

1341

1342 1 - CHAR(27)

1343 WflUT1,mrwRl I SET pIXUP LEVEL - o

1344 W1WIT ,V)E.VW I DISABLE THE DIALOG AREA

1348 WRlTEC ,W)lI DELETE ALL SEGMENTS

1346 WNlulW* rJu I RESET T1HE PIMXP LEVEL

1347 W~fTE(C)E/f ' I RENEW THE VIEW
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1348 1W01 RETURN RETURN TO) CALLER

1349

130 ENID
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ATV V1 7 Analog APSD Software Modues: P4545 Source Code.

ISUBROUTINE P4345(SOTSINUSUCNT5SAMPRINCR.RARM,REND,

2 .ANGLESTP)

3

4 C

5 C THIS MOD CAPTURES THE DATA POR THE POLARIZERS IN POSITION

6 C 43 dmI45 dog. TWO ARRAYS ARE USED TO SAVE THE DATA.

7 C DRAY -I5 A SEQUENTIAL ARRAY STORING ALL THE DATA RECEIVED PROM

a C THE AdD CONVERTER TMU) THE ENTIRE ROTATION OP THIE SAMPLE.

9 C

10 C ERAY - 5 A REPRESENTATION OP THE ENTIRE MATRIX. NINE ELEMENTS
0 11 C WILL BEPASSED IN PROM THE AiD CONVERTER OP WHICH ONLY I WILL

12 C KRNEW.IT S: (II) PROM THE 1,3,4,9.,1,Z13,l3,16.

13 C 1145S WILL COMPLETE THE ERAY DATA COLLECTION.

14 C

is

16

17 CHARACTER GDMA4SAMPOMSG5,MESC255HEX'4

1s CHARACTER POR110.CHAN 2

19

2D REAL RDAT.ARAY.URAY.CRAYDRAYEAYRINCR.RENDANGLERARM

21

22 IINTEGER STPTYPE.REPORT

23

24 DIMEN'SION GETDAT(16).RDAT(16),HEX(1I6)

25

26 COMMON IMAIRIXARAY(360).URAY(3600).CRAY(360)DIRAY(60),

27 .ERAY(3600

29 SWEEP - 4 FLAG THAT THIS 5 THE 4TH

30 1 SWEEP OF THE POLARIZERS

31 C

32 C 1M4I5 THE LAST POLARIZER SETINHG AND DATA COLLECTION ROUTINE

33 C THE RECEIVER POLARIZER IS SENT TO -45 DEGS. THE SAMPLE STAGE

34 C 5S SET IN THE REVERSE DIRECTION TO TRAVEL. BACK TO THE START

33 C POSiTION.

36 
C

38 WRTI(3,'(A4yyX0' I RESET THE CUMM POSITION O*JTR

0 39 CALL TWAIT(1) IMOVE RECEIVER POLARIER -45 DEGS,

40 WUTfE(3,'(A.U)1Y3P 3ST1 3V10 3AlO 3D-Wc 3C 3CR C'*

41 READ3,'(A5M)MSG(14") WAIT POR CARRIAGE RETURN

42 CALL TWAIT(1)

43 WRTII43,(ASYy3Sh f DEEERE AXIS 3 MOTOR

44 CALL TWAW(1)

43 WRnIEQ'(A12)71F5 IS1'I 1H *IENERGEZE AND REVERSE SAMPLE

46 CALL TWAIT()

47

4 IINUSE'l-O0

49 C

90 C HERE NEINS TI41 LOOP WHqERE SAMPLE DATA IS TAKEN AND STORED

31 C
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52

53 DO 200 M - 1,5 5HT5 ! LOOP THRU THE SAMPLE ROTATION

54

55 C

56 C HERE S WHERE "nE AD CONVERTER S ASKED POR THE DATA

57 C

59 C CALL TEIDAT(SWEEPANGLERDAT)

60

61 l- 11

42 TYPE-3

63 CALL DATH4YPEREPORTPORT ICICHANRDATHEX)

645

66 C HERE EACH ARRAY S SELECTED, WRII1R TO AND INCREMENTED

67 C

68

9 DO 1001 - 10,1,-l

70 DRAY(lS) - RDAT(I) STORE THE 10 ARRAY ELEMENTS

71 5-S-1 1 ARAY SEQUENTIAL COUNTER

72 100 CONTINUE

73

74 C

75 C HERE ONLY ONE ELEMENT OP TIE ERAY MA71IX 6 NEW. rr s

76 C ELEMEN' 11. AS STORE IN RDAT IN THE STh POSITION.

77 C

78

79 K - 11 4 KNT SELECT CORRECT ARRAY ELEMENT

so ERAY(K) - IDAT(5) ! PLACE MATRIX DATA IN ERAY

i

82 C

83 C THE STP DETERMINES TH TYPE OR OUTPm THE USER 1s REQUESTING

84 C
85

06 I(STP.EQ.1)THEN I USER WANTS REAL TIME GRAPHICS

87 CALL DRAWJBESWEEPANGLERARMRINCR.RENDRDAT,

a INUSEI)

89 GOTO ISO FLAG TO SI 7E VIEW

90 ENDIP

91

92 lP(ST.EQ.3 GOTO 150 1 NO OUTKIT S REQUESTED

93 a

94 CALL VIEW(SAMPANGLFSSTPIDR)'! AID VOLTAGE OUTPUTS
95

98 ISO W(M.EQ.ISHWIS)GOTO 3W

97

8 AN4GLE - ANGL.E - R9 2 NEW SAMPLE ANGLE

100 K34T - Id T- 16 1 DECREMENT THE ARRAY BY 14

101

102 WUTEp,'(AgY1G IXI C - I MOVE THE SAMPLE

163 RKAo.(A0.DR - 3&mG(Es1._5

W04 CALL TWAT(I)

10 RlAD(MG(I4, -. (N.y,ERR - JWPMOfTON
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106 ICNG - MOTION - M"

107 MEN - MOTION

105 160 ORMATX,410XI ACCUMULATED MOTION: ",19,
109 RELAIVE MOTION: ',l91)

110 D WR,160)MMOTION,CNG

III WUT,'(A4)yIPS ! PAUSE THE STEPPER MOTOR

112

113 20 CONTINUE I LOOP THRU ROTATIONS

114

113 C

116 C AT 1M5 POINT THE DATA COLLECTION POR POLAIERS POSTIONED AT

117 C 45 dt dog 5 COMPLETE. WE NOW RETURN TO THE CALLER

115 C

119

120 WUf1E(3'(A)71ST0 I DENERGIZE THE SAMPLE STAGE

121

122 40 RETURN

123 END
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AIV.18 Analog APSD Software Modules: P45V Source Code.

I sOumnNE P4V(IS$Oa3INUS.INTSSAMPRINCRRARMREND,

2 ANGLE.STP)

3

4 C

5 C THIS MOO CAPTURES THE DATA FOR THE POLARIZERS IN POSTION

6 C 45 de/VMRTICLE. IWO ARRAYS ARE USED TO SAVE THE DATA.

7 C CRAY - S A SEQUENI.IAL ARRAY STORING ALL THE DATA RECEIVED PROM

8 C THE AD CONVERTER THRU THE ENTIRE ROTATION OF THIE SAMPLE.

9 C

10 C FlAY IS A REPRESENTATION OF THE ENTIRE MATRIX. NINE ELEMEN S

11 C WILL E PASSED IN PROM THE A/D CONVERTER OF WHICH ONLY 3 WILL

12 C B NEW. THEY ARE: (3,7,15) PROM THIE 1.3.4.5,7,8.13,15.16.

13 C ONLY ONE GAP WILL E LEFT IN THE ARRAY AT THE 11 POSITION WHICH

14 C WILL E PILLED IN BY THE LAST POLARIZER SETTING.

IS C

16

17

1 CHARACTER GETDA'4.SAMP20MSC(50,MESC'2SHX4.PORr 10

19 CHARACIE CHAN*2

21 REAL RDATARAY.ERAY.CRAY.DRAY.ERAYRARM.RINCR.ANGLEREND

22

23 INTEGER POS,STPRfPORToTYPE

24

25 DIMENSION RDAT(16),J1(3).HEX(16)

26

27 COMMON MATRXJDARAY(3100),BRAY(3600),CRAY(360),DRAY(3650),

28 ERAYO%00)

30 DATA J1 /3.7,15/ ! NEW MATRIX ARRAY ELEMENTS

31

32 SWEEP - 3 1 ILAG THAT THM IS 3RD SWEEP

33 I OP TH POLARIERS

A C

35 C THIS ADJUST'S THE INSTRUMEtS:

36 C

37 C TlE CUMM POSi1ON BUFFER S INrrlAI DIED

30 C THE TXMFTER POLAIZERt 1S SENT TO -4. DECS,

30 C THE RECEIVER S S0ET TO HOME OR VERTICAL

0 C THE SAMPLE STAGE 1S SET TO REVERSE TH DIRECTION

41 C

42

43 WIUMm'(A4)'IX0' RESET CUMM POSI fON COUNTER

44 CALL TWAIT(I)

45 WRfTE(X'(A21r)T 36T1 3H 3C 3CR C ' SEND RECEIVER HOME

4 .REAMDp'(A3M)MSGC(1-) : WAIT POR CARRIAGE CNTRL

47 CALL 'WAIIT(i)

0 WRlI-X'(A53) "Z I DEnmERGU AXIS #3

0 CALL TWAIT) ! SEND XTMR 4S DEGS

sB WRT,'(A3,)72,M 2811 2A10 ZA =D2I0 G 2CR C '

51 IADP,'(A9W)MSG(I50) I WAIT POR CARRIAGE CNTRL
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52 CALL TWA! T()

53 WRMTEP(AS)751D I DEENERGM AXIB 02

54 CALL TWAIT(I)

55 WRfl(3p;(Al3yyPS 15?! IH' !REVERSE SAMPLE STAGE

96

Go C

061 C HER WGRJS TIE LODOP WHERE SAMPLE DATA S TAKEN AND) STORED

62 C

'3

64 DO XN0 M - 1.SHOTS 'LOOP 1NRU THE SAMPLE ROTATION

'5

66 C

67 C HERE 5 WHERE THE AAD CONVERTER 5 ASKED FOR TIHE DATA

" C

Go

70 C CALL 1ESTDAT(lSWEPANGL.RDA)

71

7 IC 1- 11

73 TYPE -3

74 CALL DAUELCTYPE.REPOB.PORTX1.CHAN.RDATHE)

75

76 C

77 C HERE EACH ARRAY 6 SELECTED, WRITEN TO AND RIJCR~fEN7ED

76 C

7,

s 003001-1.10

111 15-641 9 ARAY SEQUENTIAL COUNTER

82 CRAY(IS) - RDAT(O) 1 STORE THE 10 ARRAY ELEMENTS

63 101) CONTIN4UE

04

as C

86C HERE ONLY TFIREE ELEMENTS OF THE ERAY MAT=I ARE NEW. THEY ARE

V C ELEMENTS 3.7.13. THEY ARE STORED I THE RDAT ARRAY IN POSITIONS

U C X3510

l* C

go

91 - 01() 4 IOIT 9 SELCT CORRECT ARRAY ELEMENT

92 ZRAY(K) - RDAT(2) I PLACE MATRI DATA I tRAY
5 9 K -1142) 4 ICJT I SELECT CORRECT ARRAY ELi4DJT

96 RAY(K) - RDATP) f PLACE MATRIX DATA IN ERAY

ISK - J143) + KmT t SELECT CORRECT ARRAY ELEMENT

5, AY(K) - UDATIS) 9 PLACE MAT=I DATA I ERAY

S 97
is C

of

HE UpTPSQ-t)THE4 USER WANTS REAL IMhE GRAPtIK3

110 CALL. DSAW.RE(SWEEAGLERARM.RICRRMD.RDAT.INSE1)

10 OODI

10 INW

us
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101 W(STP.EQ-.)GOTO 150

107

100 CALL VEWAMIPANCLE,5,SW~lD1R)

110 150 lP(M.EQ.UNO1)GaOO 3oo DO NOT ROTAIT SAMPLE ON LAST

III

112 ANGLE - ANGLE + JINCE NEW SAMPLE ANGLE

113

114 ICT-ICNT14 1 ICREMENT THE ARRAY BY 16

its

116

117 C

119

119 W~rfl3(A9TG lXI C' MOVE ThIE SAMPLE STAGE

130 UtEADp.,(AMY,~ER - 3O)MESGO:M50

121 CALL TWAIT(1)

122 READ GESt22). (3.IWY.ERA - 200)MOT1ON

123 C - MOTION - MI

124 MUUP -MOTIO

125 170 PORM1AT(5X~kIOX, ACCUMULATWD MOTION: ',19,

129 RELATIVE MOTION: ,IW/)

127 D WU1TE(,170)MMOT1ON.ICNG

1i WUETEO:(A4YY1PS'

129 CALL TWAIT(i)

130 00CONTINUE !LOOP THRI) ROTATIONS

131

132 C

133 C AT TMI POINT THE DATA COLLECTION POR POLARIZERS, POSITIONED AT

134 C 43 d.111VERTIC1.E IS COMPLETE. WE NOW RETURN TO ThEM CALLER

135 C WFIERE THE N~fT POLARE SETIG WILL BE MADE AND THE SAMPLE WILL

136 C BE ROTAED BACKWARDS.

137 C -

139 WRfTEP.(ASYYlSTO' !DEENERGI SAMPLE STAGE

140

141 400 RETURN

142 WND
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AIV.19 Analog APSD Software Modules: READ...Q1ZOJ Source Code.

2 IOCANNEL.USE)

3

4 C

3 C THIS 6 A ROUTINE USED POR VAX VMS HARDWARE TO ALLOW POR A QUEUED

6 C 100 READ. IN THIS CASE I AM WJERRESTED 3.N READING A SERIAL PR

7 C WITH A ?SNIOUT S SPCFIDI SECONDS (FROM THE US=).

a C
9 C DEVICE - THE SEIAL PORT THAT 5 READ PROM (I4)

10 C
A I1I C METSR- THE STRNGOPDATA THAT 8READ (OUT)

12 C

13 C IZIGTH - THE MAXIMUM LENGTH OP THE STRIG THAIS READ (IN)

14 C

15 C UIOUT - THE TIME IN SECONDS TO WAIT AT THE PORT FOR DATA (IN1

16 C

17 C ISZ - THE LENGTH OF THE STRING THAT 5 READ (OUT)

18 C

19 C I - FLAG THAT HAS 2 OFTION4S: (IN/UT)

3D C

21 C 1. IOUT B SET IN THE NORMAL MODE TO FLAG WHETHER

22 C ANY DATA WAS READ FROM THE PORT MRIO TO 1TMING

23 C OUT. POU - 1 NO DATA READ AND FORT TIMED OUT

24 C IOT- o DATA WAS READ (OUT)

25 C

U C 2L IOUT5ALSO USED ASA FLAG PROM THE USER WHEN

27C THE READ ROU.TINE B COMILETE. THIS 5 DONE SO THAT

U C THE ASSIGNED CHANNEL FOR THE SERIAL PORT CAN

29 C DEASSIGNED. IOYT- g (IN)

SC

32 RIMUOT INTUGE4 (A-Z)

33 INCLUDE 1010DEY BCTERNAL VMS VAX DEFINTYIONS

34 &3.10.10SSVWTf EXTIERNAL VMS VAX DEFINITIONS

35

36 CHARACIIR'SI2 METSiR ! STRING RETURNED TO CALL

37 CHARACIER255 MESG 3IFIUY STRING

SO OARACTER10 DEVICE THI15 BTHE POST

INTWIGR2 CHANNEL f CHANNEL ASSIGNED BY

40 1 THE SYSTEM

41 IN7115U Sm 1LEN1GTH OP INP'UT STRING

42 RJTCW2 WYU P LAG FOR TIMEOUT

43 IN1UGRR4 LENGTH I LENGTH OP RECEIVED 5Th

44 3'TEGE4 IMOUTr PORT TIMEOUT IN1 SECS

a3 VITh4 MASKM2 QUAD WORD ARRAY THAT

* ! SETS PORT TERMINATOR

47 1 CHARACTER.

4* ?41SCU'4 RJNC110P I UNCTION FOR QR) READ

m C
S1 C 1R CRELATS A STRUCTURE 3.0CRTHAT S USED FOR THE IM5.
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52 C THIS INCLUDES THE STATUS TO THE QUEUED OPERATION.
53 C I 15 NECESSARY BECAUSE THE QIOW MIGHT RETURN A 1 AS STAUS

54 C THERE WILL N 4 DIPPERENT TYPES OF STATUS INPORMATION.

35 C I. IOSTAT - RETURNS THE STATUS OF THE READ I - GOOD

54 C 2. TIZLOPP5ET - CHARACTERS READ AT THE PORT

57 C 3. TERMINATOR - ASCI VALUE OF TERMINATOR OR IST CHARACTER OF TERM

U C 4. TU SIE -L]ENGTH OP THE TERMINATOR STING

60

61 STRUCTURE AOSTATIC/

62 INTEGER*2 IOSTAT,

63 . TE3tM-OqET'

TERMINATOR.

65 . TERMSE
S END STRUCTURE

67

Go RECORD ROSTATIJ/ 10SB

Go

70 C

71 C TIS STRUCTURE BLOCK 5 USED TO ALLOW ANY ASCII CHARACTER UP TO 7 ITS

72 C TO B USED AS A TERMINATION CHARACTER IN A Q4O READ OPERATION.

73 C

74

75 STRUCTUE /lERMJIC I CHARO-15 5 THE NAME FOR THE
76 INTEGER 2 CHAROJS, I TWO BYTES OF THE STRUCTURE. THS

77 CHAR16.31, ! STRUCT"URE S 16 CONTIGUOUS BYTES

73 CHAR32.47. IN MEMORY WITH EACH WT IN THE

79 CHAR e63. STRUCTURE CORRESPONDING TO THE

so CHAR6Ij-9, I ASCII CHARACTER WITH THAT VALUE.

31 CHARBO._, IF WE WANT TO SET THE CHAR -r TO

02 CHAR-III, KBE A TERMINATION CHAR FOR A 010

3 CIAI2..27 TRE AD ATH-EI WEESET THE 93RD BiT IN

34 END STRUCTURE ! THE STRUCTURE BY :

is I TrhLCHAILCHARIMSS - 2-13

as RECORD 0TRU&LU TERM-CHAR

v

a C

90 STRUCTURE PARAMETERJ

91 INTECE2 MASK-SUP, !S BYTES IN CHAR -CHAR2? FIELDS,

92 DUMMY I NOT USED

93 INcW TERM.J.OC 1 ADDRESS OF TERM.CHAR STRUCTURE

94 END STRUCTURE

97 RECORD /PARAMETUI MASK.P4

it MASL.41ERMZ0C - SLOCrERMCHAR)
"o MASK-N.MASKJW - 16 1 e OF BYTS IN CHAR STRUCTURES
101

1 1IM-O.MtAL4AR3347 - 2-10 1 STAR S TERMINATOR

HO

1 I S'T - I IF TIED OUT
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107 C HERE CHECK THE FLAG IOUT* FOR A CHANGE IN MODE. THAT 15 A CALL

106 C TO DEASSlGN THE CURREN1T CHANNEL ASSIGNED TO THE PORT.

140 C TIS S DONE USUALLY AT THE END OF THE CALLING ROUTINE.

Ito C

112 WF(IOUT.EQ.9)THEN

113 lOUT -0 *INMfALIUE TIMEOUT FLAG

114 STATUS - SYSDASSGN(%VAL(CHANNEL)) ! SYSTE ASSIGNED CHANNEL

4 113 IP(.NOT. STATUS) CALL USTOP (%VAL(STATUS))

116 COT ow0 I RETURN TO CALLER

117 DM

119 C

120 C TIS 5 THE CHANNEL ASSIGNMENT FUNCTION. THIS CHANNEL 5 ASSIGNED)

121 C TO THE DEVICE THIAT WILL BEFUNCTIONING WflH THE QUEUED 1(0.

122 C HERE THE DEVICE 6 INPUT SY THE USER AND THE SYSTEM ASSIGNS THAT

123 C DEVICE A CHANNEL

124 C

123

127

136 W(IUSE.EQ.O)THEN ASSIGN CHANNEL ONLY

129 INUSE -1I ONCE.

130 STATUS - SYVIASSIGN(DEVICE, USER READ DEVICE

131 CHANNEL. SYSTEM ASSIGNED CHANNEL

132 .PRIVILEGED ACCESS MODE

133 *)LOGICAL NAME OF MAILBOX

134

135 IP(.NOT. STATUS) CALL UIBSTOP (RVA1STATIJS))

136

137 WNI

139 C

140 C THIS55 THE QUEUED INFUTOOUTPUT REQUEST.

141 C

142

143 fouT - 0 IITfIALZ TIMEOUT FLAG

14" MSC -" 1, CLEAR OUT THE MESSAGE STRNG

143 METSTR -" CLEAR OUT THE SEND BACK STRING

146

4147 1ASSIGN THE FUNCTION OF THE QIOW

14a FUNCTION - 1106JEADVIR..OIIOSM-TIMED

149

IS1370B IO A READ

131 STATUS - SYSOQSOWL 1 10 COMPLETION EVENT FLAG

132 SVAI4CAINEL ! ASSIGN THE CHANNEL POR 01OW

153 %VAt(PUNCTKO). I TYPE OP 010W REQUESTED BY USER

134 lost~ IIW STATUS BLOCK TO CHECK 1(0

155 I AST ROUITINE TO BE EXECUTED

Ise I AST PARAMEER TO ABOVE ROUTINES

137 SKEP(MES" I P1.- INPUT DATA FROM DEVICE

1 %VAI4L4C110 1 P2 . LENGTH OF THEM INPUT DATA

130 SVAL(*ABOU1)6 I P3 - PORT IMEOUT ON THE READ
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160 I4A9KJ4. P4 -SET TERMINATOR CHARACTER

161 * PS - CHARACTER FOR READ PROMPT

162 ft -tSIE OFTHE PROMI'T

163

14

148 C

166 C THIS5a THE IAGNOSTKCS SECTION OF THE ROUTINE.

167 C KIT -1I MEANS THAT THE PORT HAS TIMED OUT ON THE READ.

Ii. C ISIE - THE LENGTH OP THE STRING

10p C MEPIit - THE READ DATA SENT BACK TO THE CALLER

170 C I INCREMENT THE SIZE VARIABLE TO INCLUDE THE TERMINATOR CHARACTER

171 C

172

173 JP(.NOT. STATUS) CALL UBSOP (RVAL(STATUS))

174

175 sw(.NO.IOS.IOSTATTHEN

176

177 F(kOS.IMSAT.EQ.SSL11lMEOUI)T4EN

173 KXVT - 1 'FLAG THAT PORT TIMED OUT

179 COTO 10o0

141 E040W

143

las ISIE - K0S§.TERM-OPPSET

16 ISME - ISIE +1 I LET SUE INCLUDE THE TERMINATOR

187 METSI - MESG(1:IS12E CHARACTER

189 1000 RETURN

190 END
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AIV.20 Analog APSD Software Modules: REALtoCHAR Source Code.

I suRo.XqtIE REALTO_.CHAR (RNUM,I0NT,CNUM)

2

3

4 C THIS DESIGNED TO TAKE IN A REAL NUMBER(UNDER 10.0)

5 C AND CONVERT THEM TO A CHARACTER FOR USE WITH A

6 C GRAPHICS ROUTINE. I TAKE THEM OUT TO THE THOUSANDS PLACE

7 C

6 C RNUM - ARRAY OF UP TO 16 REAL NUMBERS (PASSED IN BY CALLER)

9 C

10 C O'T - THE NUMBER OF REALS TO BE CONVERTED ( PASSED IN)

11 C

12 C CHUM - ARRAY OP THE 6 CHARACTER REPRESENTATION OF THE REALS

13 C (PASSED BACK TO THE CALLER)

14

is

16 REAL RNUM,RfIUP

17

is CHARACTER O'UW6

19

20 ODENSON RNUM(16),.UM(16)

21

22 C

23

24 DO 50 J -I.CNT ! LOOP THRU REALS

25

26 - tRNUMQ)

27

28 I(R0UP.LT.0.0)CNUM0XI:I) - "- IF NUMBER 5 NEGATIVE

29 WILL REQUIRE A SGN

30

31 F(RJP".GF10.)CsOTO I CANT HANDLE NUMBERS

32 . GREATER THAN 10.0

33

34 It" - AE4RMJI') I TAKE ABSOLUTE VALUE

35

26 C

37 C IS PART CHECKS TO SEE IF THE REAL HAS A WHOLE NUM ER PART TO IT.

39 C IP SO I MAKE THE NUMBER THE SECOND VALUE AND PLACE A DECIMAL IN

39 C THE 7HUD VALUE. THE PEIST CHARACTER S RESERVED POR SIGN (4/-)
40 C V THERE S NO WHOLE NUMBER PORTION I PLACE A ZERO IN PLACE 2

41 C AND DECIMAL IN PLACE 3.

42 C

43

44

43 nowRU.GT..I)THEN I > 1 MAKE IT THE

46 PIRT CHARACTER.

47 INUM - FTE(RmoDU I TAKE THE WHOLE NUMBER

49 04UM6N23) - CARINUM , ." ! CONVERT TO CHARACTER

o ELSE OlESE
31
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2 J., QX2:) - 0. IST CHAR IS ZERO

33 ENDIF

54

55 R" - ISUP - PLOAT(INUM ) SUBTRACT THE WHOLE NUM

5'

57 C

56 C THE PART DEALS WITH THE NUMBERS LESS THAN, I 4E.

59 C I LOOP THRU EACH PLACE VALUE EGINNINC WTTH /,0 MULTIPLY THE

60 C NUMBER BY 10.0 SO I HAVE A WHOLE NUMBER VALUE 0 - 9 THEN

61 C CONVERT IT TO INTEG AND SAVE T AS A CHARACTER IN THE

62 C CNUM STRING.

63 C

64

65 MI-4 !CHARACTER PLACE COUNTER

67 DO 30 K - 1,3 LOOP THRU PLACE VALUES
4.

69 BUP - 3M * 10.0 SHIFT NUMBER ONE PLACE LEFT.

70

71 F(UUP.GE.1.0)THEN !CHECK POR DATA IN PLACE
72

73 'JUM - I UMRMIP) ! SAVE NUMBER AS INTEGER

74

73 CNUMQ)XM:M) - CHAR(ITUM + 48) ? CONVERT rT TO CHARACTER

76

77 3MW - R" - PLOAT(INhUM)' SUBTRACT NUMBER FROM TOTAL

78

79 ELSE 'OR ELSE

s0

61 CNUMG)M:M) - w PLACE IS A ZERO.

12

83 ENDW

84

as M- M 1 IN CREMENTPLACECOUNTER

67 30 CONTINUE

u

90 C THS LOOKS AT THE 100o0h PLACE TO SEE IF I looh SHOULD BE

91 C INCIEMENrED UP OR LEFT ALONE. THIS IS NOT A ROUNDI4G UP

92 C PROCEDURE. BECAUSE OF THE WAY COMPUTERS STORE REALS THE LAST

93 C NUMBER MUST BE EVALUATED TO CORRECT FOR THE ORIGINAL INPUT VALUE. a

94 C.

9 M-M-I I PUT PLACE POITER TO 11000

97 RUP - utUF * 10.0 : SHIFT NUMBER ONE PLACE LEFt.

I INUEm - aIXotPP) SAVE NUMBER AS INTEGER

100

101 VWUM.CE5)TI'HN CHECK PO6 DATA ftJ PLACE VALUE

102 W WABOVE 4THEN

1 CN1UMQX t*K - CHAR(4IHARCNUM)(M:M)) + 1) ! INCREMENT NY I

106 I CHECK THE CHARA

1 fCNU04W0444U SQ-*:-)C-UM0XM:M) -2 I VALUE. IF 915

-248-



Appendix IV

106 DNCJC3EM1... IKPfT

107 84D

110

111 50 CONINUE
112

113
114 RETlURN

a 115 ENJD
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AIV.21 Analog APSD Software Modules: SEE..ELE Source Code.

I SUROuTINE SLE:ZWEEPMATIX.INU)

2

3 C

4 C THIS MOD LETS TE1- USER SELECT THE ELEMENTS OP CHOICE POR EACH

S C SWEEP OF THE SAMPLE STAGE. SINCE 9 ITS OF DATA ARE SENT TO

6 C THE DRAWING ROUTINE EVERY TIME A SAMPLE 6 GATHERED THE SCREEN

7 C CAN BECOME SOMEWHAT CLUTTERED... HERE THE USER HAS THE OPTION

S C TO SELECT SPECIFIC MATRIX ELEMENTS OF CHOICE. THE SELECTION

9 C OF THE DfFERENT MATRIX ELEMENTI S ARE PROVIDED FOR EACH SWEEP

10 C OF THE SAMPLE STAGE PRIOR TO THE KRGINNING OF THE EXPERIMENT.

11 C

12

13

14 CHARACTER Tlm*5.TEXTr35,TEXT3*35

15 CHARACTER EA.ANS12,SEG*3

16

17 INTEGER X,YMATRIX
15

19 DIMNSO LDAT1 (10),.DAT2(10).LDAT3(10),LDAT400)

20 DIMENSION IA(9).I(),X(9).ID(9)

21

22 DATA IA I 1,2,4.5,6,8,13,14,161

23 DATA El 1,2,4,9,10,12,13,14,16/

24 DATA IC/ 1,3,4,5,7,8,13,15,16/

25 DATA ID 1,3,4,9,11,12,13,15,161

26

27 COMMON LDAT1,LDAT2,DAT3,.LDAT4

2B

29 E -CHAR(27)

30

31 C

32

33 WRIEi,*E//LV0' ! DISADLE DIALOG AREA

34 WR1E(1,E*rLZ ! CLEAR THE DIALOG AREA

33

36 IF(INU.EQ.1)THEN INUSE BEING RL.T PROM OUTSIDE

37 IUSE -0

3 m -0

39 ENDIP

40 C

41 C THIS PART 6 JUST AS ADO ON TO THE ROUTINE. IT 6 USED BY

42 C THE ROUTINE DRAW-RE TO SHOW THE USER WHICH ELEMENTS THAT

43 C ARE ING VIEWED. THE FLAG MATRIX W4EN SET - 1 JUMPS THE

44 C USER TO TINE 13 CHECKS THE SWEEP OF THE POLAREEERS, TURNS OPF THE

43 C SEGMENTS THAT ARE NOT IN USE THEN THEN RETURNS TO THE CALLER

46 C

47

43 IP(MATRIX.EQ.I)THEN

49 W!"WEW)ifrs'" .TURN ON ALL SEGMENTS

so GOTO 13

31 ENDIF
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35 to 3(INusEEQmnffHD I I THIS Is THE FIRST TIME IN

54 SWEEP - I ISET SWEEP FLAG TO I INDICATING

57 INUSE- I I SET INUSE FLAG TO ON POSITION

36 ELSE IA VERTICAL. VERTICAL POSITION

59 SWEEP - SWEEP + 1 I OF THE POLARZERS.

60 EXIT-0 I INITIALIZE THE EXT FLAG

41 WRITE(-7EISVII' I TURN ALL SEGMNT ON

62 ISEG - ODIDEINE TEXT SEGMENT AT SOD

63 CALL INTRPT(ISMCSEG) I CONVERT INTEGER TO TEK CHARACTER

4 RTTE(,*)EffW15IEG IDELETE THE SEGMENT

B 45 wRITE(,*Er~.w REEW THE VIEW

66 ENDIF

67

66 8 INIIAIMZ ARRAY COUNTER

69 amT- 0 I INrTIALIEEXTFLAG

70 IALL - 0 INITIALIZE SELECT ALL FLAG

71

72 C

73 C THIS PART MAKES THE MAT=I ELEMENTS THAT WILL BE PROVIDING DATA

74 C POR A PARTICULAR POLARIER COMUINATION VISILE TO THE USER.

75 C THE POUR POSSIBLE POSITIONS ARE AS POI.LOWS:

76 C

77 C SWEEP - 1 I VERTICAL. VERTICAL

78 C SWEEP - 2 ! VERTICAL 45 Degef

79 C SWEEP - 3 1 45 De~mes, VERTICAL

80 C SWEEP - 4 1 45 Degimn, 45 Degrees

81 -

82

83 13 IP(WEEP.EQ.i)THEN

84

as 1 -0 1 INITIALIE COUNTER

86

87 DO 20 1- 1,9 1LOOP THRU THE ARRAY ELEMENTS

as

so I5 I-4 IN1CREMENT THE COUNTER

90

91 VQ.EQ.17)GOTO 20 I ICEP UNDER 17

92

93 W(IA(I.fQ.J)GOTO 20 ! JUMP OUT ON A MATCH

94

95SEG -I J 9 CALCULATE THE SEGMENT NUMUER

96

97 CALL ?IrTRPT(SEG.SEG) !CONVERT IT TO A TEK CHARACTER

99 W(NEC.LT.16MOHN !I V ONLY ONE TEK CHARACTER

100 WRITTE,WfS V /SEG(1:lypO' ! ERASE IT

101 ELSE I ELSE IP 2CHARACTERS

102 WRWFIU /SC(I.2y/r ! ERASE T

103 P40WP

104

isGO TO 15 I GO INCREMENJT COUN71E
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10 30 CONTINUE END LOOP

107

108 TE)M - "POLA2ERJ : VERTICALVERTICAL'

109

110 C

I11 C 5WEREPP- 2 ( VERTICAL. 45 DEG)

112 C

113

114 ESqDWWEERP.EQ.2)HTEN

115

116 J -0 IlnIALUE COUNTER

117

11 DO 30 I - 1,9 LOOP "THRU THE ARRAY ELEMETS

119

120 25 J-1J+ 1 INCREMENT THE COUNTER

121

122 11P.EQ-17)GOTO30 KEEP UNDER 17

123

124 (I .EQ.J)-TO 30 ! jUMP OUT ON A MATCH

125

126 ISEG - J 4 9 'CALCULATE THE SEGMENT NUMBER

127

1 B CALL WNTRPT(sEGSEG) ! CONVERT IT TO A TEK CHARACTER

129

130 W(MC.LT.16)THEN ! IF ONLY ONE TEK CHARACTER

131 WRIFt,*fJSVI/EG(I:IYf)O ! ERASE IT

132 ELSE ! ELSE I 2 CHARACTERS

133 WRrl,'JrSV'/SEG:2yr0 ! ERASE IT

134 IEN'DU

135

136 GO TO 25 GO INCREMENT COUNTER

137

131 30 CONTINUE

139

140 11X1I - "POLAR S: VERTICAL. 45 Deg,*n-

141

142 C

143 C SWIEP - 3 ( 43 DEC, VERTICAL)

144 C.

143

146

147 ELSEIP( WEEP.EQf3)THEN

14-

149 1-0

130

151 DO 401 - 1,9 : LOOP THRU THE ARRAY ELEMENTS

152

153 35 J- ! INCREMENT THE COUNTER

154

135 WQ. EQ. I7)GOTO 40 KEP UNDER 17

136

13 89(ICM)..EQ.)OTO 40 J JUMP OUT ON A MATCH

Is@

CI + 9 1 CALCULATE THE SEGMENT NUMBER
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160

161 CAL IlRPTEGSEG) I CONVERT IT TO A TE CHARACTER

162

163 W(ISEG.LT.16)TD4 I 3 ONLY ONE TEK CHARACTER

1I" WtE(oE.rSVISEG(:Wr0 I ERASE IT

165 E US E SE IF 2 CHARACTERS

16 WMW,-WJ.rSV/SEGE(l'y,0' ! ERASE IT

167

168

169 GO TO 35 1 GO INCREMENT COUNTER

170

171 40 CONTNUE
172

173 TET - "'OLARUOM. 45 Dogua VERTICAL'

174

173 C

176 C SWEEP-4 ( 45DE, 45DEG)

177 C

178

179

180 flSWIEWUP.EQ.4)l4EN

181

182 J-0

183

184 DO s I - 1.9 1 LOOP HRU THE ARRAY ELEMENTS

185

186 45 J-N CREMENT THE COUNTER

187

186 IP.EQ.17GOTO 50 3 KEEP UNDER 17

189

190 IIP(ID().EQ.J)OTO 50 JUMP OUT ON A MATCH

191

192 5 - 19 1 CALCULATE THE SEGMENT NUMUER

193

194 CALL I, RMt(ISE1,SEG) I CONVERT IT TO A TEK CHARACTER

I"

19, P(ISE.LT.16yTH I 3 IF ONLY ONE TEK CHARACTER

197 WIEr ,'/4SEG(,:1yr" ! ERASE IT

19" ELSE LSE IF 2 CHARACTERS

198 ~ mS~lSEG1iyP' 3ERASE IT

32 GO TO 45 GO INCRENT COUNTER
=O3

204 s0 CONTINUE

Tm - POLAGft 45 Dsp.. 45 Dqm1,

wv

210

211

212 IMATRIX.BQ.1)GOTO 1W RETURN TO CALLER JOll DONE

213
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214

215 C

216 C THIS PART ASSEBLES THE CORRECT TEXT TO SHOW THE USER THE POSSIBLE

217 C SELECTIONS POR THE CURENT ARRAY.

21 C

219

230 TEXT2- '1. SELECT LEMENTS TO VIEW

221 TEI0rS - 13. SELECTION COMPLETE

222

223 C

224 C TIS PART DRAWS THE TEXT TO THE DIALOG AREA WINDOW.

22 C

226

227 ISE - Im I BEGIN SEGMENT AT 9O

228 CALL INTRPr(ISEG.SEG) ! CONVERT INTEGER TO TEK CHARACTER

229 WRI.,EJ/SEhf G t BEGIN THE SEGMENT

230 WI.V,-)EJfwTI, I TEXT COLOR WHITE

231 X - 13 X POSITION OF THE ORIGIN

232 Y - 350 I Y POSITION OF THE ORIGIN

233 CALL HIY(XY,A) ! CONVERT TO TEK CHARACTER

234 WRf. ,)FJnP/A 'SET THE ORIGIN

235 WUITErE'rLTr/flEM ! WRITE 1ST LINE OP TEXT

236

237 Y - Y - ! DECREMENT Y BY 10 SCREEN UNITS

238 CALL H Y(XY.A) I INTEGER TO 11M CHARACTER

29 WRTfE( ,)W//flA 'SET THE ORIGIN

240 WRTr ,.WrLTr/frET2 I WRITE THE TEXT.

241

242 Y - Y -100 DECREMENT Y BY 100 SCREEN UNITS

243 CALL HIY(XYA) ! IN TEGER TO TM CHARACTER

244 WRI'EC,*WflPA I SET THE ORIGIN

245 Walnw,rLThr nK'3 I WRITE THE TEXT.

246 WflmT ,)E/,SC ! CLOSE THE SEGMENT

247

248

249 J - 1 ITmALIZE PLACE COUNTER

230

251 C

252 C THE PART CHECKS TO MAKE SURE THE USER HAS SELECTED A CORRECT

253 C ARRAY ELEMENT, PLACES THE DATA IN THE CORRECT ARRAY ASSOCIATED

25 C WITHI THE SWEEP NUMKRJ

295 C

256

2S7 60 READ(','(Al2),ERR-60)ANS !READ THE SELECTION

259 W(ANS(1:).EQ.'".OLA)S(1:I).EQ.31GOT0 65

me GOTO 6
261

262 C

263 C HERE THE USER HAS ELECTED TO END THE ELEMENT SELECTION

3" C V THS S NOT THE 4TH SWEEP THEN WE GO SELECT AGAIN,

30 C OTHERWISE 114M ROUTINE S COMPLETE.

67
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a 65 W(A(:).EQ.7M3d1 1 END THE SELECTION

a FSWEP.FQ.4GOTO 20 F LAST SWEEP THEN EXIT

27O GOTO 10 1 GO TO NEXT SWEEP

271 SNwr

2n2

V73 C
274 C THIS MOO FILlS THE CORRECT ARRAY ( M.AT ) WITH THE CHOSEN

273 C UEMENTS. I - THE LDATO ARRAY PLACEMENT. THE LAST ARRAY ELEMENT

276 C CONTAINS THE NUMUR OP USER ELEMENTS SELECTED.

277 C
¢.

279

20 SEC - ANS7.t) T IS 5 THE SEGMENT SELECTE)

31

2a CALL ECODE(EC.ISEG) i CONVERT IT TO AN INTEGER
as

34 F(lEG.EQ.40),,N ,F ITS THE " EXIT " iUTTON

w IET -I SET THE EXIT PLAG -I

2" COTO 70 ! PLACE THIS INPO IN THE ARRAY

W7 NOw 'NO ELEMENTS ARE TO SE VIEWED

. rW(lS.EQ.41THEN 'THIS S THE' ALL " KTON

S ALL - 1 SET THE SHOW ALL ELEMENTS FLAG

291 GOTO 70

294 lW(IS.LT.10.OR.ISEG.GT.25)GOTO 60 ! CHECK POR CORRECT SEGMENTS
295

296 70 PIC - EEG - 9 1 CONVERT THEM TO ELEMENT NUMUMS

297

2 WJl ,)1PICK -. IMCK
a. WRTE(,-5ECn - 'oEEC.

C

302 C THI PART PLACES THE THE SELECTED AID CHANNEL NUM IN THE

303 C CORRECT LWAT PILL THE LAST ELEMENT 5 THE COUNT OP DATA ELEMENTS

3G C USER SELECTD. AS THE USER SELECTS THE EUEMNTS I ERASE THE

SC. GRAPHIC SEGMENT ASSOCIATED WITH IT.

306 C

307

3W CALL INTRPT(ISEG.EG) 'CONVERT SEGMENT INTEGER TO TE
309

310 lPW(5.EQ.4.OLlSG.EQ.41)GOT0 50 ! EXiTALL -DO NOT ERASE THEM

311

312 W EGL'.IY EIN IF ONLY 1 CHARACTER THEN

313 WRITll ,r "SrSEG0(:1)ro' ERASE IT.

314 USE OP ELSE IF IT 52 CHARACTERS

31S wnfS()r nsG(12yW I ERASE ff ALSO.

316 DamW

317

310 8D WV5WEP.Q.)THlN I F SWEEP #I

31,

339 fEIIQ.1 I USER WAa1 D TO EXIT

3x 1DAT1(I - O I PLACE A 0 4 N .UMR OP
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3V GO TO 10 ! ELEMENTS TO VIEW
3W ENW I GO TO NEXTf SWEEP INPT

324

325 (IIALL..1 ')TH4 ! USE WANTS TO SEE ALL 9
3=6 WATI(10) - 9 ELEMENTS. PLACE THE NUMER

S DO901- 1,9 INPLACE 10, PUTTHE9

328 UDATI -I I CHANNELS IN ORDER IN THE

329 40 CONTINUE I ARRAY.

330 IALL - 0 1 INITIALE THE ALL ELEMENTS
331 GOTO 10 1 FLAG AND GO TO THE NEXT

332 ENDIF I SWEEP

333

334 DO 100 1 - 1.9 ! LOOP T-RU ARRAY ELEMENTS

335 0A(I).EQIlMCKW)LDATIQ) - I I PUT AD CHANNEL NUMBER IN
336 100 CONTINUE ! THE ARRAY

337

336 LDATI(00) - I PUT CHANNEL COUNT IN LAST HOLE
339 J - J 4 1 INCIREMENT ARRAY PLACE COUNTER
34 PQ.EQ.10)GOTO 10 1 CHECKC TO SEE IP ITS PULL

341 GOTO G0 !GO BACK POR MORE DATA

342

343 C

344
345 flIP(5WEEP.EQ.)THEN

346

347 PIMEXIr.E.Q.)THEN USER WANTED TO EXT
3 LDAT2(0) - 0 PLACE A 0 IN NUMER OF

349 GO TO 10 ELEMENTS TO VIEW

330 ENOD GO TO NEXT SWEEP INPUTS

351

352 IrALL-EQI)THEN USER WANTS TO SEE ALL 9
333 LDAT2(10) - 9 ELEMENTS. PLACE THE NUMBER

354 DO1101- 1.,9 IN PLACE 10. PUTTHE9
355 LDAT(IM) - I ! CHANNEIS IN ORDER IN THE

356 110 CONTINUE I ARRAY.

3S7 IALL -0 INTIALE THE ALL ELEMENTS

398 GOTO 10 1 FLAG AND GO TO THE NEXfT

3- EDDU SWEEP

360

361 DO 101- 1,9 LOOP THRU ARRAY ELEMENTS
362 I .EQ.II1Q DAT20) - I ! PUT Ai) CHANNEL NUMBER IN

363 130 CONTINUE !THE ARRAY

364

365 LDATO) - 1

396 I-1+!

367 PEQ. 10)COTO 10

366 GOTO40

39

370 C

371
372 ILSOW(SW .EQ-)THEN

373
34 USEREQ.1yrI ! U WANTED TO EXIT

373 LDAT3(10) - 0 PLACE A 0 IN NUMERi OP
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V7 GO TO 10 I ELE ENTS TO VIEW
377 NNW GO TO NEXT SWEEP INPUITS

378

379 A1LEQ.1)nDI USER WANTS TO SEE All 9

m WA1J0) - 9 ELEMENTS. MACE THE NUMBR
u8 DOS1301 - 1, I IN PLACE 10. PUTTHE9
312 LDATS() - I I CHANNELS IN ORDER IN THE
3=3 130 CONTIUE I ARMAY.

3m4 IAl - 0 I INmTIA1z THE ALL ELEMENTS
4 3 Gm1 10 1 FLAG AND GO TO THE NEXT

306 bI I SWEEP

397

311 DO 1401- 1.9 I LOOP THRU ARRAY ELEMENTS
3 MC(I).EQ.IFICK)LDATs) - II PUT AID CHANNEL NUMIER IN
300 140 CONTNUE I THE ARRAY

301

302 LDAT3(10)-j
310 I-i,'

304 W.Q.1mcG7O to

305

396 GOTO40

307

398 C

30,

40 VS4308WEEP.EQ.4MnlEN

401

402 W Tr.EQ.l)THaN ; USER WANTED TO EXTI
40 LDAT4(10) -0 ! PLACE A 0 I NUMBER OF
404 GO TO 00 ELEMENTS TO VIEW
408 blOW I GO TO NEXT SWEEP INPUTS

406

407
408 "ALLEQ.I)THEN I USER WANTS TO SEE ALL 9
40 LDAT4(t0) - 9 ELEMENTS. LACE THE NUMBER
410 DO 1301- 1.9 IN PLACE 10, PUTTiE9
411 IDAT4(I) - I I CHANNELS IN ORDER IN THE

412 130 CON71NUE ! ARRAY.
413 IALL - o t01 INUA THE ALL ELEMENTS
414 GOTO X0 ! FLAG AND GO TO THE NEXT
415 OMNI SWEEP

416

417 DO 1401- 1.9 1 LOOP Ir1RU ARRAY ELEMIENTS
418 P(X% N.ICK)DAT40) - I ! PUT AD CHANNEL NUMBER IN

419 140 CONINUE I THE ARRAY

43-
421 LDAT4(10 -

422 -+

423 20010 N

436 blOT0

436

4 C

4U9 C IM PART 50RTS EACH ARRAY 5 ASCENDING ORDER IP THE LAST
429 C 1f1l4T 6 NOT A ZERO,
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4W0

431

4W1Z 5- WA1(o)

4M4 CALL WUUEJJP(AT1,5Z2)

4A'

437 W(WAfl(O).CT.0)7HEN

4.3 FM - LDATVG1)

439 CALL WUKUMJ(DArl,5IZE

442 W"LAI3(1)GT.O)ThM

443 M - LDATVO1)

444 CALL 'U3'LLUPI1DAT,6M)

44'

44 W(LDAT4(1O).CT.)Th94

4" F - LDATO10)

449 CALL UW@E-P(WAT4,lZE)

490 5210W

451

452 1000 MATRDX- 0

454 END
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AIV-22 Analog APSD Software Modules: STAGEJ'OSMON Source Code.

I SUMOUTNE STAGEJOSUTION(IUT)

2

3 C

4 C THIS ROUfW4E ALLOWS THE USER TO SET THE SPEED ,DIRECTION AND

5 C DISTANCE OF THE STEPPE MOTORS POR EACH AXIS ON THE CONTROLLER

6 C POR EACH LASER IN4 THlE MAT=I EXPERIMENT.

CHARACTER*IO VEL.ACC.DBT.DUMMYPILD.4 WIG

11 CHARACTER POS1'Q.POS10.LASER'1.YES*.AX51.,MSG*12

12 CHARACTER M5GtIO

13 LOGICAL T

14

13 DIMENSION VEL(4).ACC(4).D5T(4),DUMMY(4)

16

17

is un -g
19 CALL GETPORT(POTJr)

30 OPENMMIE-P.STATTS'NEW)

21

22 C

23

24 5 PORMAT(12(AIO))

25 10 POMAT(AM)

26 20 PORtMAT(Wr.))

27 30 PORMAT(m0 '))

X4 31 PORMATC THE FOLLOWINlG %TnfNCS WILL DEFINE STAGE

29 .POSIIONS POR EACH LASER-)

30 32 PORMAT(10X1.. POSITION STAGES P06 SAMPLE DATA COLLECION-)

31 34 PORMAT(IOX.-L POSITION STAGES POR THE SPECTRUM ANALYSER-)

32 36 PORMAT(1OX,'3. EMf'

33

34

35 40 PORMAT(10X.ENTE LASER NUMME.. (1 -' 4'5

36 30 PORMAT(1k.IAME #9UISX.,AXIS #'j.ZSX.:CONROLLER #1V)

3V 60 PORMAT(I101(PO AXIS A30,1.VASER *.UR)

38 70 PORMAT(IMI.. ENTER THE VELOCITY: 's)

39 OD POUMATI10X"2. ENT1ER THE ACCELERATION: '.,)

40 90 PORMAT(I10AX,11. ENTER THE DISTANCE ( * OR -) S

41 100 PORMAl(IOX' VEL.OCITY.- -',A10)

42 110 PORMAT(10IC. ACCELERATION: - .,AI0)

43 130 PORMAT(IOX.U. DISTANCE IN STEMS - ',AIO)

44 130 PORMATOKX.9ETERt AXIS NUMOER POR CORRECTION)1

45 140 PONMATp24X ENTER REIJRN TO CONTINUE')

46 19 POWMATC3X' < A >TO APPLY OR < E> TO EMf

47 140 PC3MA1DOX.

48 170 POMAT(21. ENTER RETURN P06 NEXT LASER-)

40 10 POSMATOWE WHICH SERIAL PORT 6 ATTACHED TO THE CONTRO fLLEI

51 M9 PONATCOONTER AXIS NUMUR YOU WANT TO TRY: '.5)
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52 200 PORMAT(20XPRESS EN4TER WHR'i YOUR READY OR <99 > TO EXtr)

53 210 PORMAT(IMX.. THE MOTION 5 CORRECT 1

34 220 PORMAT(I0X. CHANGE THE DATA POR THIS AXS)

55 220 POIMAT(M0X. E~fl

56 240 PORMATMZXDOES THE1 LASER NE OPTIC!S MOVED IN-)

V7 250 PORMAT(23X.*ORDER TO BE CALIUATED < Y or N >)

38 2W0 PORMAT(10E.H PRESENT PORT DEPINED POR OUTPUIT IS:.AI0)

39 270 PORMAT(29X.'PFS RETURN IW CORRECT)

60 300 PORMAT(30X PRESS < I >TO CHANCE-)

61

62 C

63 C HERE1 THE USER 5 ASKED TO SELECT THE TYPE OP STAGE SETTIG FOR

44 C EACH LASER THAT 5 TO BE SAVED.

65 C EACH LASER EQUIRES THAT THE OPTICS CHANNEL LIGHT TO THE

66 C MODULATORS FOR CALUNRATION AND TO THE SAMPLE FOR DATA

67 C COLLECTION. THESE SETTINJGS WILL OFTN RE DIFFERD1T TO MAKE

" C THNCdS EASY I AM SAVING THE TWO TYPES OP SETTINGS IN DIffERDEJT

49 C MaR. SAMPLE.DAT FOR LIGHT TO THE SAMPLE. MODDAT POR LIGHT

70 C TO IME MODULATORS..

71 C

Ta

73

74 290 WRITE(UT,30)

73 WRflIUT.ff31)

77 WRIfl(IUT,32)

79 WRPTE(ILTT3)

80 WRYTE(IUT,30)

III READ(IUT.'(AY.ERR-300)LASER READ TYPE OP STAGE SETTINGS

82

83 W(LASER.E.)PW4MU - SAMP'

84 IP(LASER.EQ.7)FUDElM - 'SPECTRUM'

as IP(LASfR.EQ.7)COTO IUO ! USER WANTS TO EXIT

87 3W WUTTE(JT-31))

a WITE(fI30

so WRn1E(IUT140)

90 WRITE(IUT,40) ENTER11 LASER NUMNER

91

92 3EAD(Rl,(ATERtR-30*)ASER I MAXIMUM OP 4 LASERS NOW..

'3

94 I(LASERtEQ/ XOTO 1000 4 USER WANTS TO EXT

96 F(LASE.GT.CHARt(4S).AND.LASER.LT.CHAR3))COTO 310

97 GOTO301)

99 310 READ(lASER4-l,4r.ERR-3001L ! LASER INTEGE VALUE

100

101 IF-0 I INITIALIZE DATA TYPE PLAGS

102

103 C

TO$ C IM4 CHECM TO SEE I THE PILE EXSTS. SETS A FLAG THENV OPENS Ir

106 C
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107 (JW.QTb

lag RrJS - I SET MlAC NOT TO COME BACK HERE

10 IQUIE-PILUIM,015T - T) ! ASK IW PILE VC51S

110

III OPF'4M2PE - PR.1M,ACCESS-MDIRCPOM-?ORMA11W.

112 RWCL-I20,STAn)S - 7UNKNOWN*,SNARE),EU -1000)

113

114 MEAD(2 REC - 9.PMT - '(AIOv.ERtR - 31S)PORTI
4b115 3IJDI

116

117 C

III C HERE I WRIT BACK TO THE USER THE LAST ENJTRY FOR THE AXIS FOR

119 C INS LASER. P THE PILE EK51I I READ IT'PROM THERE.

130 C

121

122 315 lP(4JUP.EQ.1)COTO 370 I DONT READ

123

124 IF(.NOT.)GOTO370 ! DONTREAD IFNO PILE

125

126 READ(2,REC - ILPMT - 3.ERR - 370)VEL41),ACC(1),DIST(1)

127 DUMY()Y642)ACC().DIST(2)DUMMY(2yEL3),ACC(3),

138 .DSTQ3)DUIMM(3)

129

130 C l(VE()EQ .OtLACC(1)EQ. .OR.DIST(1).EQ.- '.OR.

131 C XIHAR(VL1)).EQ..ORICAtACC()).EQ.)THENJ

132 C IJtrw - I

133 C 0070 370

134 C M.JW

135

136 GOTO 370

137

13 370 K-0

130 IUM - 0 1 RESET THE JUMP PIAG

141 DO 3901 - 13 I LOP THRU THE INPU1TS AND DISPLAY

142 IME PILE SETMINS FOR TINS LASER

143 WRITE(ITA)I,

144 WRH(T.30)

145 -+

146 WRfFfl(17.00KE4M VELOCITY

k147 K-K+1

toB WRITE(IUtf.1 10)IACC(I ACCELERATION

149 K-K41

ISO WRIE(RJT,1UKDIST1 I DISTANCE OP TRAVEL

P 131 WRITSpJI,20)

152

153 390 CONTfINUE

154

13n

Iss IF (KUILJACLEQ.1)GOTO 510

IV7

In C

1N C HERE THE USER 5 ASKED IF THE DATA IS CORRECT. SHOULD THERE BE
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160 C CHANGES, DOES THE USER WISHi TO APPLY THE DATA To THE STEPPER

161 C MOTOR CONTROLLERS OR JUST EXIT.

162 C

163

164 40D WRflE(IUT3O

15 WUPE(IW.130)

166 WRITElliff140)

167 WRI1E(IT,150)

166 WRUE(IUT, 160)

169

170 READ(IUT(AY,UI - 400)YES

171

17n (YES.EQ.' THEN
173 I W THIS 15 CALIBRATION DATA THEN. RECORD

174 IREC - IL f OR ELSE ITS MUST THE LASER NUMBER

175

176

177 IF(IFWXEQ.1)TH9E4 ! SAVE THE NEW DATA IF FLAG IS SET - 1

173

179 WRIIE(2.REC - IREC.FMT - 5)VE~L(),ACC(1),DlST(1),

1SO .DUMMYC1).VEL2ACC(2).DfT(2).DUMMY(2),VEL3).ACC),

1s? .D5T(3),DUIMW(3)

162

163 Im - 0 1RESET THE SAVE DATA FLAG

134 ENDIP

165 COTO JUFLMP TO TOP OF ROUTINE

186

167 ENOI

189

190 W(YES.EQ.'A.OR8YES.EQ./a)COT0 5S0

191 3(YES Q Er ORYEs EQ 'e-)CoTO 1000

192

1*m

194 C HERE THE USER HAS SELECTD ONE OF THE LASER To GIVE NEW
I"5 c SETTINGS FOR. I LOOP THRU THE INPLIT5 THEN SHIOW THEM BACK

196 C

197

196 (ESEQT I*OR YES.EQ- 7 ORtYES.EQ.'31THEN

3w RADMlE.4YER-oo)I

201

X02 a I 1 FLAG THAT A CHACE 1S TO BE MADE

204

w- WWfTEM1UT.30

30 W~rTEgrT,joJ

209 WRII(liUT.70)

210 RlAO(RXUT.(Al0YEX - 370)VELMI

211 WRISIRT,30

212 WRITIOLJT,80)

213 READ(RJT.(AI0YEKR - 370)CCMI
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214 WRITE(IUT.30)

215 WUITE(TUT.90)

216 EEAD(IT.'(AIOY.ERR - 370)DST()

217 WUITE(IUTX3)

218 WRITE(IUT.3))

219

230 C010 370 *DISPLAY INPUTS BACK TO 11 USER

221 ENDIP

22OT0O 400 'INPUT WAS BAD DO AGAIN

224

225 C

226 C INM PART ALLOWS THE USER TO APPLY THE INPUT BEFORE rT 5 SAVED

227 C TO PILE. HERE I GET THE SERIAL PORT NUMBER PROM THE USER

228 C THEN INTRUCT THE USER TO PRESS ENTER TO HAVE THE DATA SENT

229 C TO THE SPECIFIC PORT.

230 C

231

232 SI WRJTE(1UT,30)

233

2364 IF(INUSE.0)T14EN

235 INUSE- 1

236 IP(POaT1 .EQ. .OR.ICHAR(PORT(1:1)).EQ.0)THEN

237 50 WRITE~lUm1B)

235 READ~ffl;(AlOYERR-s00)PORTl

239 ELSE

240 WRITE(IIJT,30)

241 WRITEOltT.260)PORTI

242 WRIT(IUT,270)

243 WRflE(UT,280)

244 WUITE(RIT,30)

245

246 READ(IUT.'(Al)',ERR - 400)YES,

247

248 IP(YES.EQ.'l GOTO 5WS

249 IPYE.NE.' W)OTO WS5

250 ENIW

251

252 WRITE('Y POIM - ',PORTI

253

254 OPIN(3,PILE-PORIM,CARIACECONTROL - 'NONE-.STATUS--NEW-)

255 WRIIE(3'(A9)yyE MN STO WAKE UP CONTROLLER

254

257 WRITE(2.REC - 9,PMT - '(AIOYERR - 510)PORTI

254

259 ENDI

260

361

262 C

263 C HERE THE AX15 NUMBER ORt STAGE 15 REQUESTED FROM THE USER

364 C AN INPUT OF NOTHING JUST REMISPLAYS THE CURRENT SETENGS

205 C

3'

37 510 WUIRJT,30-)
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2" WRm(TET.140)

270

271 READ(1Ut.'(AlY,ERR-50)AXS

272

273 I(AXIS.E.'I".OLAXIS.EQ.-T.ORL

274 .AXIS.EQ." .OR-AX.EQ.'3)GOTo 520

275 GOTO 510

276 4

277 520 RUBACK - 0

279

279 C

200 C HERE THE STEPR MOTORS ARE MOVED FROM THEIR HOME POSITION THE

231 C VELOCTY, ACCELERA ION AND DISTANCE SPECIFIED BY THE ABOVE INPUT.

232 C

23

254 READ(AXS/(UN.'4)IX !CONVERT CHARACTER TO INTEGER

235

286 C

237

m IFD.EQ.o)GOTO 370 IF T1E USER PRESSED RETURN WIOUT

29 AN INPUT I GO REDISPLAY THE

290 CURRENT SETTINGS

291 C

292 C HERE I MAKE SURE THAT THERE IS DATA PRIOR TO WRITING TO THE PORT

293 C IF NOT I NOTI0 Y THE USER AND TRY AND GO GET SOME...

294 C

295

296 (V XEQ.' ".OR.DIST(IX).EQ.' ")THEN

297 WIUTE(IUT,*y SORRY THERE IS NO DATA DEFINED FOR THIS AXIS..'

26 GOTO 370

299 ENDIF

3W

301

302 WRTE(o,'(A3))AXIS/ST1'

303 WRrM ,TUIN ON THE MOTOR ",AXl&ST'

304

305 C

306 C THIS 5 A DUMMY THAT IETS THE USER GET HARDWARE READY PRIOR TO

3117 C MOVING THE ACTUAL STAGES.
328 C.

309

310 450 PORMAT(AII)

311 451 POIMAT(A12)

312 452 PORMAT(AI3)

313 453 PORMAT(AI4)

314 414 PORMAT(A15)

315 455 PORMAT(A16)

316 456 PORMAT(A17)

317 037 PORMAT(A13)

318 490 PORMAT(A19)

319 49 POSMAT(A2O)

33D 400 PORMAT(A21)

321 461 PORMAT(A)
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32 462 POWAT(A23)

3U4

327 wwrE(IT.20)

338

329 READ(IUT,*(AIY)YES

330

331 L-0

332

333 F(Y -EQ! )T5494

334

335 MSG - AM~PV/NE4DQ

336

337 D0590 1- 1,3

338

339 530 DO54SW -l,12

340 V(M5G0:OD.EQ. .OR.MSGCQ I).EQ. +)GOTO 540

341 L-L1i

342 MSG1(LL) - SCGD

343 540 CONnhlUE

344

345 1-1+1

346 WMSG(L) -

347 IPO.EQ.t)MSG - AXS/FAU/ACC(rA)

348 IP-tEQ.2)MsG - AXIS/MY'/MDT?X

349

350 5S0 COt'MhUE

351

352 L-L+1

3S3 hSI(LL +1) -'G

334 L-L+1

355

356 WUItfEC.7 MSGI - .M501(1:L).' I

3S7

356

389 j-L-10

360 WIMV(,7 I -

3W PAUSE

362 GOTO(5 70.5I0,5A0A10A,60MV60,650660,670,60,690)1

363

364

365 570 wum(3A504s)msc1(:L)

366 GOTO 700

367 SOD !'RWf(3431ffi4SC1(1:L)

369 S90 WUIT(3.452XJM501(1:L)

370 GCYT0 700

371 400 WIItfEQ.43*)MSGl(1:L)

372 G070 700

37 610 WUT(348)MSGlO1:L)

374 COTO 700

37 6M WWWA~.4SAMSG1(1L)
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376 GOTO 700

377 6X0 WIfTE(3A56)MSI(1:L)

373 GOTO 70

379 640 WMlT(34S?*wISG1(I:4

39D GOTO 730

X31 650 WRITE(3,45S)MSOI(1:L)

362 GOTO 700

383 660 WRflE(3.439)MSGI(1:L)

X4 GOT 700

365 670 W~rfE(346W#MSGI(1:L)

366 GOT0730

307 610 WRITE(3461)h601(1:L)

311 GOTO 70

389 6W WRlTEC3,46Z)MSG1(1:L)

300

391 ENDIP

392

303C

394 C HERE THE USER CAN CHECK TO SEE IF THE MOVEMENT WAS CORRECT.

395 C IF NOT THE DATA CAN BE CHANGED.

396 C

397

346 730 WRTElUfl.J

399 WRITE(lUT,210) I STAGE MOVEMENT CORRECT

400 WRITE(IU.22) I CHANGE THE MOTION

401 WRflWTE .230) EXIT

4W2 Yu1tntgf,30)

403

404 READ(1UT'(AIY);ERR-700)YES

405

406 C

407 C HERE I SENDt THE STAGE BACK TO ITS HOME POSITON < H > MEANS

406 C REVERSE DIRECTION AND < G > TELLS Ir TO GO THE SAME DISTANCE

409 C AND VELOCTlY.

410 C

411

412 W11RI-1EP3. '(A4yyH G

413 WRrTEO3,'(AS),)AXIS/rST0

414

415 C

416

417 W(YES.EQ.T)THEN ! ThE DATA IS CORRECT WRITE Ir TO FILE

416

419 IREC - IL Oft EUSE r15 JUST THE LASER NUMBER

43D

421 WRITSM2REC - InEC.PMT - S)VEL(),ACC(1).DISTP1)

422 -DUMY().VEL4 ACC(2D6tT(2DUMY(2),VEL3),ACC0),

423 .DISTMDUM4Y(3)

424

4n5 KUMJNACK - 1

43 GOTO 370 *GOTO GET MORLE DATA POR THESE AXIS

427

438 C

429 C HERE THE USER DOES NOT LIKE ThE STAGE MOVEMENT AND WOULD IKE TO
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430 C MAKE AN AD9UAMUET. I SEND THE USER BACK UP IN THE ROUTINE WHERE

431 C THE CORRECTIONS ARE MADE.

432 C

433

434 EIP(YES.EQ.7)1EN

435

436 I -IX I PLACE THE AXIS NUMBER TO CORRECT IN i

437

43 GOTO 370 I GOTO BACK THRU THE ROUTINE.

439

440 C

441 C HERE THE USER WANTS TO EXIT.

442 C

443

4" ELSEIP(YES.EQ3')THEN

445 GOTO 3W0 GO TO THE EXIT CLOSE THE PILS...

446

447 ELSE

448

49 GOTO 700 1 BAD INPUT GO BACK TO THE READ...

450

451 ENDIP

452

453 1000 WRrm(3(A2)7P •  I TAKE CONTRO.ER 0PP LINE.

454 CLOSE)

455 CLOSEM

456

457 RETURN

438 END
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AIV.23 Analog APSD Software Modules: TEK3 Source Code.

I SUMOUTINE 1ITB YFISAfP.ACENT.CONCLAMDA)

2

3 C

4 C THS ROUTINJE WILL TAKE REAL TIME MULLIER MATRUXDATA AND MEST rr

5 C INJ GRAFI4I PORM ON A 7UIMONIX COMPUTE.

7

S CHARACTER EPOr1SA5,A15.SC4T3TX30.TC*4,COL2.L&I

9 CHARACTER SAM .20AG 4T.CONC15.LAMDA15T'3,NUhP2,CP'2
10 CHARACTER TDCMl%.SCN'1,A)JS'12,sEC*3,PO[r6.EYPEN~M-2

11

12 REAL RARM.W.1DRJCRRDAT

13

14 INTECER XY,MATMI,TYPE

i5

16 DEMO TIC(18).TXC1(21),NUM(16).COL(16).CP16).7EXMh2)

17 DRI0MD.JI DATS1).AT2(1)WAT318)WAT4(1)

19

30

21 DATA TIC r03,340.5;. O tO'1 0'

23

25

27

28 DATA NUTWil171r.'13','14','21,'.'.1y.'24',

32

33 DATA C

34 .. P

38

36 DATA TOMf P E0rr, A~LL

39

3 E- CAR(27

41 WLC-O

42 I1'OGN-0

43 Tt'OCV -0V

48 C

46 C -TEST DATA -

47 C SAIIP - 'GREEN PA~d?

46 C AGENT- GW

49 C CO4C -A~m m3'

90 C LAMOA- 'A v

51 C W~1TE(,6IW
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32 C

3

34 wNm(,-EfLvw

33 W~rfE(,*WlZ

36

37 1 PORwIAT (A12)

so

4 61

'a

63 C

44 C THIS PART DRAWS 1145 GRAPH BOX. COLOR RED.

65 C

67 MEG- I

49 wrMEEQ.1)GOTO 5 t GRAPH ALREADY EXIST

70

71 CALL V4MTP5EC,SEGOCJ1)

72

73 W(~)ffSFSEGOJT

73 X -145

76 Y -3100

77 CALL HIYo(Y,A)

79 X -X +38W0

so CALL HIY(X.YA)

M1 WRM(EC,WCWiA

32 Y -YV-2400

83 CALL HIYZY.A)

04 WU714,wrL'//A

as X - X.-3

as CALL HFYMXYA)

P WME(rEWL'UA

u Y -Y * 4.o

so CALL HIY(X(,Y,A)

93 W RM EC(1,- P LCU

92

94 C 7M4 DRAWS 7M4 TEUT IN THE5 BOX. SAMPLEACENT CONC. WAVflENCT

9" C STAWY.EPD AND t4CREMENT POe.JT

%3 C 7M4 MT ON41 WU1TS I14 SAMPLE

97C

93 3 r5c - SEC +I

10 CALL W4flWt(C.SSGOAfl)
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107 v-iw

sag CALL HIY(X.YA)

109 w3I1mEifl7I/A

110 TE~ff - SAMPIL '/.SAMP

III WRFlr,**ILTA.JITEXT

112

113 C

114 C THS WRflTHE AGETTYPE

115 C

116

117 X -2300

118 CALL HIY(X.YA)

119 %WE(EJWIJ/A

13 TEXT -'ACEN'T: 'IiAc0Ef

121 W~ff CWrLTAfA/TEXT

122

123 C

124 C IM4 WRITE THE AGENT CONCENTRATION

125 C

126

127 - 600

1n2 y v-mo

129 CALL HIY(X.YA)

130 WRITE( jIP//IA

131 TEXT - ICONC. 1CONC

132 WRI1E(*)rdfLTA;'If

133

134 C

135 C IM1 WOlli THE LASER WAVELENGTH

136 C

137

138 X - 33W

139 v-m

140 CALL HIY(X.Y,A)

141 WRITE(*)Er?A

142 1 9T - 'WAVELENGTH4: IA A

143 WRWr(.IJLTh'/aEt~rr

144 w IJI*Vscl

145

146

147 WPrYlE-Q.tCOT 1010

la1

1I* C

150 C iNS WRI TH lE EAR GRAPH IN THE CIENTER.

131 C

132

133

158 sw - 100

M5

150 CALL idTRPTP=E.SEGCNi)

137 WRW.%#lAr#§E04T

1le WWW,SVMSEOCT
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140 W=EW(,-EiiWL1S

161 X -US

162 Y - 19M

163

1I" CALL HIYYA)

165 Al -A

146 WUTEW,*)EFdn7,/A

167 X - 386

I"8 CALL HrY(X.YA)

169 WV1TE,'EPUW'//A

170

171 C

173 C W WEM TIM AIM ADDED TO THE LINE

174 C

175

176 X -245

177 y -Y-25

173 CALL Hf(Y.YA)

179 WRrrEr.-PAF/7IA

13O Y-Y.5o

181 CALL HIYoC,Y.A)

182 WU1E(.-EjLGIIA !TIE FIRST TIC so PIXul

163

16 X-X.S

136 CALL HIY(XY.A)

IV7 WRZMC.,-EPnPMA

IRS W~ff(-)E/,MC-A4S CHANCE SIZ OF TEXTr
too Wr.-,,LT0W 'PLACE 0 UNDER FIRST 71C

ISO

191 X-M4

192 y - y+77

113

194 C

1M

1% DO 40 I-I'll

197

194 D 3D21-1.9

1I"

301 Y-Y -25

302 CALL HIY(X.Y,A)

US CALL HIY(X.TA)

307

an a CON11WUE

US

210 C

211 C TM PART PLACEIMH LAGR 17C MARIS AND LASELS THEME

212 C

213
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214 X- X 20

215 Y- Y-37

216 CALL HW(.YA)

217 vW. wnj1puA

216s y- Y+so

219 CALL HIYMXYA)

22D W~fTrE-LGHIA I TIC MARKS AT 10 DEC V4MEVALS

221

in x-x-s

224 CALL HIy~Y(,A)

225 WRT4ECiflFI/A

226 W~fEC,,WLTimC(

227 Y- Y +77

229

230 40 COIfNUE

233 C

2U4 C THIS PLACES TME VER11CAL TICS AND TEXT OP THE CRAPH

in C

236

1v MSE -fjm

238 X- ISO

23 y- U"

240

241 CALL RNPT(ISEC.sECN1i)

2

w4 W rWWMVISEGCNT

244

245 DO6o I -,21

244

247 WRfTE(*rML7*

2W CALL HIY(X.Y.A)

290 WIRt(.EJLT4fTI1(l

251

252 Wfl.,EifldLI5'

253 X -X +65

254 Y -Y.+1t

in CALL HI(X.Y.A) o

2% W~FRIE(,EWFLP#A

277

us X-X.43

a CALL HFrr(X.Y.A)

n0 WWT3.WWW'HA

261

A2 X -X - 0

363 Y -Y.-10

am

56 C

3" C YIN1 DOT NEE 7C MARKS AFTE T7E LAST NUMME

567C
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3

249 W(I.EQI21)0T 40

270271 C

272 C 11 DRAWS 9 TIC MARKS IN BETWEEN THE LARG ONES

273 C

274

275 DO0sI - 1,9

276

27 CALL HY(X,YA)

276 WRJTE(r.*)FIPIA

279

21D X-X+2s

35 CALL HIY(X.Y.A)

232 WRffC.-EPLG'//A

263 Y- Y-10

24 X- X-25

25 50 CONTINUE

26 Y - Y-10

217 X- X-65

A9 60 CONTINlUE

290

291 Wl(lE0.)WPSC

292293 C

294 C AT 14I5 POINT WE MAKE 16 BOXES Of DIPPERENT COLORS THAT REPRESENT

25 C THE MULLER MATRIX. TWO OF THE BOXES WILL BE THE SAME COLOR WHTrE

29 C BECAUSE BLACK S COLOR 16 AND THAT IS THE UMfT OP A 4111. BU

297 C SINCE THESE ARE LINES I WiLL JUST CHANGE THE STYLE OF LINE 16.

296 C

29 C THE MATIX ELEMENTS ARE DEFINED AS SEGMENT NUMBERS 10 - 25

300 C

301

302 65 L-0

303 K-0

34 X-3000

305 Y-402

306

307 BEG - 9

30B
3D9 DO0 1- 1,4 I ROW LOOP

310 DO701 - 1.4 ! COLUMN LOOP

311 L-L . CX)LOR INDEX COUNTER

312 SEG - SEG I ! SEGMENT COUNTER

313 CALL INTRPT(SEGSEGCoT) :CONVERT INTEGER TO m
314

315 Wff4r,'EMWSlGGJT !BEGIN THE SEGMENT

316

317 C

318 C 114 SETS THE BLOCK COWO

319 C

32D

321 W.5.4.ANO..E.4)Wtff ,1E , rMV'I DASHED LINE ON LAST BOX
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322

323 F(CP)EQ. .'Q')CP(L) - CHAR439) DEFINE THE COLOR

324

323 WRIT)iM~~~) *WTE THE COLOR TO TERM

326

327 C

325
329 CALL IY(X.Y,A) 'CONVERT ORIGIN VECTOR

330

331 WRIIIfLi/Ajrl AND W1RIE IT TO TERMINAL

32

333
334 X-X+130 ! ICREMENTTHE X BY 150

335 CALL HIY(X,YA) ! CONVERT IT TO TE CHA.A

336 W"W*W() E.C//A I DRAW PROM LAST VECTOR

337

336 Y- Y- 100 DECREMENT THE Y BY 100

339 CALL HIY(XYA) ! CONVERT TO TEK CHARACTER

340 WRITEWnCrL'/IA DRAW PROM LAST VECTOR

341

342 X - X - 150 DEClREMENT X BY 150

343 CALL HfY(XY,A) 'CONVERT TO TEK CHARACTER

344 WtlT,FJfLG'IIA . DRAW PROM LAST VECTOR

345 WRTEwLEJ.,P . PILL THE PANEL

346

347 C

348 C THIS KFTl THE TExT NUMBER IN THE BOx

349 C-

350
31 K - K . ELEMENT COUNTER USED pOR

352 PLACING THETExT. I1

353 C IP(KLT.10)TEN! THE TEXT IS 1 CHARACTER

334 C X-X+60 THENXISINCREMENTEDBY

355 C Y-Y+25 ! 6OANDYBy25. IFTH'E

36 C ELSE TEXTS 2 CHARACTERS

357 X-X+30 X I IICREMENTED BY 30

358 Y -Y 2 SOTHAT IT IS CENTERID.

399 C ENDEP

310

361 WWflE' .E CF4C C4:' m THIS IS E TEXT SZ

362

363 CALL HIY(X.Y,A) ! CONVERT X.Y TO TEK CHARA

364 WlUT,)FJfIPI/A 'SET THE ORIGIN

365 Wl Uf .,wrm/ -COK) SET THE BOX COLOR

356 WREC f.)r:N£UM(K) WRITE THE TEXT

367

me WUTE.*)EFrt I CLOSE THE SEGMENT

369
370 C I(K.LT.10)THE I INCREMENT X AND Y FOR

371 C X- X+ 140 THE NEXT BOX IN THE

372 C Y- Y +75 ROW.

373 C ELSIE

374 Y- +73

373 X-X.+Is
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376 C ENP

377

373

379 70 CONTINUE !END COLUMN LOOP

390

31 X - 300 GO TO START POSITION

362 Y - Y- 1S0 f PORTHENEXTROW

363

384 60 CONTINUE ! END ROW LOOP

365

306 C

317 C HERE I AM PROVIDING TWO BUTTONS FOR THE USER. THE FIRST 5 1EXIT"

311 C AND -THE OTHER S ALL. WHICH IF SELECTED WILL INDICATE TO THE

389 C USER THAT ALL INCOMING VECTOR INFORMATION 5 TO BE DISPLAYED.

30 C THIS MEANS THAT IN EACH SWEEP OF THE SAMPLE STAGE 9 ELEMENTS WILL

391 C BE SIMULTANEOUSLY DRAWN TO THE BAR GRAPH WHICH WILL DIRECTLY

392 C REPRESENT 9 MATRIX ELEMENTS PROVIDING DATA FOR THAT PARTICULAR

393 C POILAREZ NG POSITION.

394 C

395 C THESE SEGMENTS WILL BE 40 AND 41 RESPECTIVELY.

396 C

397

39 ISEG - 39

39 X - 0 X ORIGIN OF EXIT BOX

400 Y-690 !Y ORIGIN OF EXIT BOX

401 K-0

402 WEITrW.)Ei r !SOLID LNES

403

404 DO 100 J-1.2

405

406 5KG - ISEG +1 INCREMENT SEGMENT CNTR

407 CALL INTR(ISEG,SEGCNT) ! CONVERT TEGER TO TEK

408

4M WRIM.Erso'q6EGO(HT BEGIN THE SEGMENT

410

411 C

412 C TIS S= MHE BLOCK COLOR

413 C

414

415 IQ.EQ.2)THEN IF ' ALL ' BOX THEN

416 Wl'TE(-,wmmPI I COLOR IT BLUE

417 ELSE OR ELSE IPF TS THE

416 wR'TE(,*Wrmp ! ' EXIT ' BOX THEN COLOR

419 ENDIP IT RED.

430

421

422 CALL HfnY(XYA) CONVERT VECTOR TO TEC

423 WR ,TE(EWIlrFA/rt" SET THE ORIGIN

424

425 X- X 40 4 INCREMENTTHE X BY 400

436 CALL HIY(XYA) 'CONVERT TO TEK CHARACTER

42 WlUTK4,*rLG'A ' DRAW PROM LAST VECTOR

43
429 Y- Y- 100 DECREMNT THE y BY 100
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430 CALL HlY(XYA) CONVERT TO TIEK CHARACTER

431 WRT .)E/LG'IIA DRAW FROM LAST VECTOR

432

433 X - X-400 'DECREMENT X BY 400

434 CALL HIY(XY,A) ! CONVERT TO TEK CIiAR.ACTER

4w5 WR4t.W/JP /IA DRAW FROM LAST VECTOR

436 WRflUEE. F1IL THE BOX WTH COLOR

437

438 C

439 C TMi PUTS T-E TEXT NUMBER IN THE BOX

440 C

441

442 X - X + So X,Y ARE SET TO PLACE

443 Y-Y +5 ! THE TEXT ORIGIN

444 K - K , I ARRAY COUNTER

443

446 WRfle,*WIMC54C4:' THIS IS TEXT SIZE

447

448 CALL HIY(X.Y,A) 'ORIGIN INTEGER TO TEK

449 WRlE(,)E/IPt/A SET THE ORIGIN

490 WRFE(*,E*l I( ' TEXT COLOR WHITE

451 WRITE(,')E/,LT6"I /TEXTI (K) WRITE THE TEXT

452

453 WIUE ,A).,"Sc CLOSE THE SEGMEN T

454

455 X - X + 400 SET UP FOR NEXT BOX

456 Y-Y+75

457 100 CONTINUE LOOP FOR NEXT BOX

450

459 C

440 C TI PART ACTIVATES A SUBROUTINE TO PLACE A GIN DEVICE FOR THE

461 C MOUSE.

462 C

463

464 X -2350

465 Y-600

46 WLAG - 1

467

4" CALL GZN(X,YIFLAGIMODEMIYPE IGINIPORT)

469

470 C

471 C IWMS DRAWS A BLUE PANEL IN THE LOWER LEFT PART OF THE SCREEN

472 C WITH A RED BORDER. THE WILL BE USED AS THE BACKGROUND FOR TE

473 C DIALOG AREA VWC WILL SIT ON TOP OF THiS PANEL

474 C

475

476

477 am - 1010

475 CALL INTRPT(SEGSECCN)

479 WlUtPS..,*Sr/,EGCVT

4w WRTEfMOrm*1 w~tflI)r ,s
•

412 X-0

-27Y-0
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454 CALL MI(XYA)

405 wRnFcI4*JVLP'IIA/,1l'

46 X-0

467 Y-500

40B CALL IY(XYA)

489 WRff~E*FftC7I/A

490 X -1950

49 Y-500

492 CALL HIYMXYA)
4493 WRrflr.*WLC/A

494 X -1950

495 Y-0

496 CALL HIYMXY.A)

497 WRMW,.2EFLG7/A

498 wormrs c

499

501 C IM~ PART ESTABliSHES THE DIALOG AREA TO BE 40 CHARACTERS IN

502 C LR.ICTH 5 LINES WIDE, WITH OWItN IN THE LOWER LEFT.

504

05112 WRIIEC,jEJLVO'

507 WRTE,'rLLS'

509 115 W~fl'E()EifLZ'

510 WRMW'E()E/PLC&*

511 WUTEC.*WJP44'

312 Y/Rl'E(,*EiLV1'

513

514 INU- I

51 CALL SEE.JLE(5WEEPMATRX.INu)

516

317 1I00 WvflI(.WEfLvw

51g WUTE(fEir1D!

319 W1Jl(wJPIrZ*

33D WRumv-wrLvi,

321

322 1010 RETURN

323

324 EN~D

-277-



Appendix IV

AIV.24 Analog APSD Software Modules: TEKJNPUTS Source Code.

I SUBROUTINE TE*JPUTS(OAPSAMPAENTCONCSTARTSTOP,

2 INC.NAME.DATET1E.EXTr)

3

4 C

5 C THIS MOD 5 USED POR ENTERING DATA IF 7VIE USER WANTS TEKTRONDX

6 C GRAPHICS. fT ALLOWS THE USER TO ENE ALL SAMPLE AND LASER DATA

7 C FOR THE MULLER MATRIX EXPERIMENT.

: 
C

10

11 CHARACTER TrrLP48,NAMEO.5AMFP20,AGENI'20CONCI15

12 CHARACTER SAMPLECORRECT*2

13 CHARACTER DATE9.TIMES.TOCTS.P1A5.SEG*3

14 CHARACTER SAME1.,START6,STOP6.1NC6.P0S*6

16 DITEGER CHANGLXY,X1,iY2,Y3

17

is C

19

20 DIMENSION SAMP(iO),ACENT(IO).CONC(i0)

21 DIMENSIO START(i0).STOP(10),INC(I0)POS(O)

22

23 1 PORMATCT,//111fl16,A dl)

24 2 PORMAT(A20)

25 3 PORMAT(A4)

26 4 PORMAT("O)

27 5 PORMAT(A2)

23 6 PORMAT (A)

29 7 FORMAT(13)

30 S PORMAT (AID)

31

32

33 E - CHAR(M7

34 CH4ANGE - 0

35 ISTART- I

36 IEXIT -0 1USER WANTS TO QUT.. RETURN

3 C

39 C THIS PART PLACES A GREEN PANEL SEGMET W00 NO 71E ENTIRE SCREEN

40 C FOR A BACKGROUND.

41 C

42

43 WUME(-)EJPI0 I PLACE I TIEK MODE

45 ISEG-OO

46 CALL ?.JIRPT (ISEGSEG)

47 Bu.EPE'EG!EGIN THE PANEL W00

43 Wnvl(.,*Wrmml PANEL COLOR GREEN

43 X-i

so V-i

51 CALL HIY(X(,VA)
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52 WRTEf.,'Eir.P/A . SET PANEL ORIGIN

53

54 X -405

55 CALL HIY(X.YA)

56 WRlrE ,)Er1P'/A .DRAW BOTTOM OF PANEL

57 c Y 3150

so Y- 3276

N CALL HIY(X.YA)

60 WRfE(.*ILG'IIA ! DRAW LET SIDE OF PANEL
61 X -X-4094

62 CALL 1HY(X,Y,A)
63 W~ITE, C V//IA ! DRAW TOP OP PANEL

Wui*ErSC CLOSE AND PIlL PANEL

45

66 C

67 C TIS 5 THE MST L E THAT IS YEQUIRED BY THE USER.
60 C NAME, DAIL. TIME AND NUMBER OF SAMPLES.

69 C

70

71

2 CALL TlME4(DATE.TME) SYSTEM TIME AND DATE
73 TEXT- *1. NAME."

74 BEG -1

75 CALL INTPrP(SEG.SEG-

76

77 WRtl'wErwSE'lEG BEGIN THE SEGMENT
73 WRTEC,*ErlT4" I UNE COLOR WITE

79 X- 100

so Y - 3100

01 CALL HlY (X.YA)

a2 WR1TEf,.I?.P/A !SET TEXT ORIGIN

83 Wfr, ,W ll fT DAE ! WRITE THE DATE

64 X -10

05 CALL HIY (X, YA)

86 WfT. EA rW.P/IA SET TEXT ORIGIN

7 WPlTm ."WrL/TME ITE THE IME

w
09 WR1lT-)EIrw I LINE COLOR RED)
so X - 30 O

91 CALL HIY (XYA)

92 WRr,*TE/,I.P/A 'SET TEXT ORIGIN

93 WRIr , 7IPLT/frEXT WRT THE DATE
94 WRl1E(r.EiPSC

94 C
97 C TIS PART DRAWS A BOX AT THE 9OTTOM OP THE SCREEN POR THE DIALOG

C AREA INPUt.

99 C

101 SEC - 5 41

102 CALL Vn11? (ISEGSE)
103 W3',I(SJ J/'AElG ! BEGIN THE PANEL 800

1W4 WUTU.l#,OULl I LiNE COWL WHITE

m WhE(Ulr"A PANEL COLOR EWE
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106 X - 1

107 Y-I

109 CALL HIY(X,Y,A)

109 W ,TEf.*W.J/ lAYIp1 SET PANEL ORIGIN

110 X - 4095

III CALL HIY(XY.A)

112 WRrl()Er,.,./A DRAW BOTTOM OF PANEL

113 Y - 450

114 CALL HIY(XY,A)

115 WIRTYWLG'/A ! DRAW LEFT SIDE OF PANEL

116 X - X - 4094

117 CALL HIT(XY,A)

118 W EC,*EF.LG'/IA !DRAW TOP OF PANEL

119 WvmIE, .ErLF PILL THE PANEL

12D

121 C

122 C THIS DRAWS A LINE AROUND THE TWO DIALOG AREA LINES: COLOR RED

123 C

124

125 WlET,.E.jrML1 PANEL COLOR RED

126 X- IO0

127 Y - 150

128 CALL HI(XY,A)

129 WRITEC,2ErP17//A 'SET PANEL ORIGIN

13D X -3"S

131 CALL HIY(X,.Y,A)

132 WRI.E/rLC*//A 'DRAW BOTTOM OF PANEL

133 Y- Y + 250

134 CALL HFY(X,Y,A)

135 WRnv*Jr PL,'IA S DRAW LEFT SIDE OF PANEL

136 X - 100

137 CALL HrY(x,Y,A)

136 WRr,'*Er'/A . DRAW TOP OF PANEL

13 9 Y- Y-250

140 CALL HIY(X,Y,A)

141 WRIT o . LG°IA I DRAW LEFT SIDE OF PANEL

142

143 C

144

145 W r.,) Irwn" TEXT COLOR WHITE

146

147 TEXT -ENTER <E > TOEXIT'

149 X-- 160

ISO Y - 45

131 CALL HIY(X.YA)

132 WUkTEC,yrLJF#A .SET TEXT ORIGIN

153 Wl f,*./LTA4'/1EXT WRITE THE TEXT

154

135 WUIEv'".SC . CLOSE AND PILL PANEL

137 C

139 C ".1 WS UP THE DIALOG AREA SO THAT THE TEXT AND DATA IENTY

In C ARE ALL WITIN TIE DATA INPUT W0IDOW.
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160 C

161

162 WHCLWrVO' DISABLE DIALOG AREA
163 Wwmm(.lwn ~ 'CLEAR DIALOG AREA
1I4 WXfTE")RnL ! DIALOG AREA 2 JNES
163 WRW"t( njmlCt 63 CHARACTERt ALLOWED
166 Wafl(*)Fr4Lr 'DIALOG TEXTf WHITE
167 X-300

166 v-t10
A160 CALL HIY(XYA)

170 WUT(,*WrC/A I SET TEXT DIALOG ORIGIN
171

172 WFRM(*JrL~v, I ENABLE DIALOG AREA
173

174

175 C

176 C TMS GETS THE NAME OP THE PERSON RUNNING THEM EXPERIMENT
177 C

176 C-

179

180 30 PORMAT(SX ENTER YOUR NAME~ 'A) ! GET USERS NAME
161

182 40 WRITEC.,30.ERtR-40)

16.3 READ(,2.ERR'40) NAME I READ EXPERIMENTER NAME
184

U&S F4NAME.EQ.'E OR.NAMEEQ.'')THEN ! USER WANTS To EXIT
166 EM r- I! SET EXIT FLAG
187 GOTO taoI RETURN TO CALLER
1in ENDIP

189

1I" C

191 C TIS WRITES IME USER INPUTS TO THE SCREEN PANEL AS A GRAPHIC
192 C

193

194 1SEC -

19" CALL NWRPT(MEGSEG)

196

197 W1EWWSG IDELETE THE SEGMENT
198

1I9 BET()JFIE GIN THE SEGMEN4T
3w WRITE(,,RJ,,,tP I PANEL COLOR GRAY
24 01 WRITE(,.rIWITV 'TEXTf COLOR WHITE

203 X -200

304 Y-3073

306 CALL HIYMXYA)

3" WWWE4.)EWrnr#A ISET PANEL ORIGIN
7 X- X +1100

CALL HrY(X,YA)
309 W~FfE(T,rWL'tA DRAW 90TTOM Op PANEL

210 Y -Y *10

211 CALL HrIYTA)

212 WRfl.*XG',A I DRAW MIFT SIDE OP PANEL

213 X -X.-1100
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214 CALL HIY(X.Y.A)

215 wITE .JnrcI//A . DRAW TOP OP PANEL
2a4 wRtE..EIwrt, PILL THE PANEL

217

216 C

219 C THI PLACES THE TEXT IN THE PANEL

2v6 C

221

222 X -2550

223 Y - 3100

224 CALL HrY(X.Y.A)

225 WRflC.*EWl/I.A I SET THE ORIGIN

226 WRIf('E-*rLTA4/&4AME ! WRITE THE NAME
22 WRT*w.wSC CLOSE THE SEGMENT

229 C

2w0

231 V (CHANGE.EQ1) GOTO NO0
232

233 C --

234 C
235 C TM GEIS THE NUMBER OP SAMPLES AND THE NAME OF EACH SAMPLE

2= C
237 C'"-

as
239 50 PORMIAT(SX.' EM NUMBER OP SAMPLES <6 MAX > ")

240 60 WRITE(-5o)

241 READ (:.'(AIY.ER-60)SAMPLE INPUT NUMBER OF SAMPLES

242

243 I(AMPLE.EQ.. OR.SAMPLE.EQ e')THEN ! USER WANTS TO EXT
244 IEXT -1 SETEXIT FLAG

as GOTO 1CAM RETURN TO CALLER

24 ENtOP

247
24A W 4 ARAMPl).G.48. AND.IAR(SAMPLE).LT.ST)GOTO 65

24 GOTO 60 INPTl BAD DO rr AGAIN
a0

251 65 READ(SAMPLE.1(k)Y,ER - 60)NOSAMP I CONVERT TO INTEGER

253 C

254 C THIS DRAWS TM SAMPLE DATA HEADER AND NUMBER Of SAMPLES

255 C

236

257 IEEC-7

2n CALL INRPT(RSECSEG)

2n WRY .)MW#FS.G DELETE THE SEGMCENT

2io W *flT w" mc I IN THE SEGMENT

261

362 X-1

63 Y - 3023

a64 CALL HYY(XY,A)

as5 WRfl,.mcL . LINE COLOR BLUE

2a, WhIIEf.)r 1PIUA I SET LINE ORIGIN
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I"6 X-409

in9 CALLHIYA)

270 WVfl4W PLG'IIA I SET tlN.E IND

271

272 W UWt*rw TE~ff COLOR RED

273

274 X-am0

275 Y-ag9

274 CALL HIY(XCY,A)
A 277 WRTTECWPA I SET 'TEXT ORIGIN

278 ?Mr-'2.'

279 WDRS(,,E*rLT4I/rECT 1 WRITE THE TEXT

2111 w~Fls(rEjpfr I PANEL COLOR CRAY

292 W~rfE(.jErMT' 1 TEX(T COLOR WHITE

253

254 X-2w0

m5 Y-257

256 CALL HIYo(,YA)

25 Wvfl'E(*wEPL'/A SET PANEL ORIGIN

2W

-" X - X+1100

290 CALL HIY(XYA)

29 E(WE*WFW//A 'DRAW BOTTOM OF BOX

29

29 y -y * lo

294 CALL HWY(XYA)

29 wWE,*WLG'IIA RIGHT SIDE Of BOX

296

297 X - X - I I

29 CALL HIY(X.YA)

299 WRF~WlC'//A I TOP OF box
30D WUITE,*)FJPL I PILL THE box

301

292 WtITwe.*mlrMTI I TEXTf COLOR WHITE

303

304 X - X+100

305 - Y-75

306 CALL HIY(X.YA)

3W WVITW,W*nP/A ISET TEXT ORIGIN

30

30 - %4OSAMP.EQ.17flIEN

310 W3IE(,FiLT'iAMPLElr SAMPLE'! WRITE 'THE TEXT

311 ELSE

312 WIJWh('E~fLTVY/#SAMMUgr SAMPLES' IWRITE THE TEXT
9 313 I.JD

314

315 WUIlw,*wrSC IMEN SEGMENT

316

317 IF (CHANGE.I.) GOTO 30

316

319 C

=W C THIS WR TE6 COLUMN~ HEADERS VOR ' SAMPLE NAMES. AGENIT TYPES

321 C AND I CONCETATIONS
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3M2

32a CALL ITRPUT(IEGCSEG)

3M4 WRMC.*WFJwSrsEc I CIN TME SEGMENJT

327

32U WrTW(IWEJV4' TEXT COLOR 3WE

329 X -4W

331 CALL HrY(XYA)

332 W~lTEr,*Wf1JPA ISET TEXT ORIGIN,

3313 TV~T - 3. SAMPLE TYPE'

334 WUR4fE.*rL?/IUET WRITE SAMPLE 71XT

335

336 X - 710

337 CALL MIY(X.Y.A)

3.3 WRITEC,*WEiPP/A SET TEXCT ORIGIN

339 TEXT - *4. AGENJT TYFE'

340 WRTfl~FfLT-/flTCr WRITE SAMPLE TEXTf

341

342 X -3000

343 CALL HY(X.Y.A)

344 WU1ftC,*EjfP/A SET TEXT ORIGIN

345 T1EXT -3'. CONCENJTRATION'
346 W~rIE.-r.)E TAY/nEXT ITErr SAMPLE TEXT

347 W3ITffE/r C 1 CLOSE THE SEGMENT

348

349 C

350 C TME NEfT PART GETS TME SAMPLE NAME~S

331 C

352

353

354 67 PORMAT(SX.IP ALL SAMPLES ARE TH4E SAME TYPE < Y > '

356

356 68 ISAM -0

357 IUSE -0

356 WRfl,*Wr1Z CLEAR THE DIALOG AREA

3W9 WNPTE(.7)

340 KEAV(,6eSAME

341

342 W(SAML-EQ.-V OR.SAME.EQ.-yjISAME -1I

364 C

365

346 "4 IE -9

347 LETYDIt-i 63 ITEM CS WH A
3W6 TI -34n0

349

370 69 X -70

3n1

372 70 PORMATqX94U SAMPLE NAME- A

373 72 POUMATpX.T.' OMll SAMPLE NAME:-)

374

379 DO 901 - START, NOSAMP
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376

377 C

378 C TH WILL ONLY REQUIRE ONLY ONE INPUT IF THE SAMPLES ARE ALL THE

379 C SAME.
360 C.

NI

362 lISAMEQ.1TNEN I ALL SAMPLES ARE THE SAME

363
364 1"4USE.EQ0)THEN ONLY READ ONCE

365 Wls ,*E/lZ I CLEAR THE DIALOG AREA

366 75 WRW,70)

367 RtEAD(.2.UR-7)SAMPO

3m
369 W"AMI).EQ.'.OILSAMP).EQ.'e')THEN! USER WANTS TO EXIT
390 1EXT- I I SETEXITFLAG

391 GOTO 1000 RETURN TO CALLER

393
394 W(SAMP(I).EQ )GOTO 75 !DO AGAIN FIELD WAS NULL

395
396 INUSE - 1 SET FLAG DONT COME BACK

397 GOTOR

3m ELSE

3.,
40 SAMPM - SAMP(I. 1) I EQUATE THE SAMPLE TYPES

401

402 GOTO 85 ! WRITE THE SAMPLE NAME

403 ENDI,

404 ENDIF

409

407 80 WRUtE(.EW I CLEAR THE DIALOG AREA
406 WITE72)CHAR(IETIER) 'DESIGNATOR

409

410 READC.2.ERlR-6 - AMP(l) INPUT SAMPLE NAME

411

412 IFASAMP).EQ.'I.OR.SAMPM.EQ.'')HEN! USER WANTS TO OfT

413 aTT- I SET EI TFLAG
414 OTO 10o0 I RETURN TO CALLER

415 ENDW

416

417 N(SAMPMI).EQ.')G0TO 30 1 DO AGAIN FIELD WAS NULL

418

419 35 sm-E#G.1

43O

421 CALL SJTIt(ISM..SEG)

422 WIr,)JrSE1EG I DELETE THE SEGMENT
423 wRm(..wmsm~E 'UGIN THEm SEGMENT

434

4 WUTE. "rMTr ; TEXT COLOR RED

43

427 CALL II(XY1.A)

43 WRIIE.AnP/A 'SET TEXT ORIGON
49 TE - 7::C.AR(LETTER) ITEM DESIGNATOR
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430 wvnr.PLW/DcT YWAMT THE TEXT

431

432 WU1imjEWdPr PANEL COLOR GRAY

433 WUnzElwm T1EXT COLOR WHITE

434

435 Y - Y1-25

436

437 X -X + 130

436 CALL HIY(XY,A)

439 WR E.)JrLPI/A SET PANEL ORIGIN

440

441 X -X + 1100

442 CALL HTY(XY,A)

443 WltrP,W)FJZ'PlA DRAW BOTTOM OP BOX

444

443 Y-Y 10D

446 CALL HIY(X,YA)

447 WUITE(,LF1 '//A ! RIGHT SIDE OF BOX
4411

449 X -X -1100

430 CALL HIY(X,Y,A)

431 WRn w,)Er L/A I TOP OF BOx

452 Witrr",.)EJPiFr FILL THE BOX

453

454 Y-Y.75

43 X-X+50

456

457 WRITE,')E/lrr I TEXT COLOR WHITE

456

439 CALL HlY(X.Y.A)

460 WRfTh(WnlFIIA !SET TEXT ORIGIN

461 WRITEC,')JrLTA4ISAI P WRITE THE TEXT

462

463 WRl,*E/PSC* CLOSE THE SEGMENT

464

465 IPTTEMwCNG.EQ.1)GOTO SW JUST CHANGING ONE ITEM

466

467 LETTER - LETTER . I INCREMENT LETTER VALUE

466 Y1 -YI -125

469 X-70

470

471 90 CONTINUE

472

473 C

474 C

475 IF (CHANG.EQ.A) GOTO 5W

476

477 C

478 C THIS AM IF THERE I GOIC TO KR ANY CHEMICALS ADDD TO THE

479 C SAMPLES. IF NONE ARE USED THEN I SOP RIGHT TO THE LASER INPO.

460 C

461

432 10 PORMATpX.WLL. THE KE AGENT ON THE SAMl.M < Y > ",S)

463
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414 110 WRrE(.10)

as5 READ (-,6ERR-II0)ANS

4ft

4V7 WVflIW.*W/fz CLEAR THE DIALOG AREA

4N

409 IP (ANS.EQ/.OLANSEQ.'Y') COTO 130

490 AGENT() - 'NONE'

491 GOTO 263 IGOTO REVIEW SCREEN

492

49 C

494 C iNS GETS THIE TYPE OF AGENT TH4AT WILL BE USED ON THE SAMPLES

495

496

497 120 PORMAT(5X.-WILL AGENT TYPE RE THE SAME POR ALL SAMPLES < Y > S

498

499 130 INUSE- 0

SIX SAME- 0

501 SAME -

502

503 WIRPTE(.120)

50'

505 132 READ(r,6,ERR-132)SAME

5W5

507 3(SAME.EQ.T.OR.SAME.EQ.'ylAME - I

we

519 C

310

511 wRnrE(.)Enz CLEAR THE DIALOG AREA

512 ISEC - 19

513 X - 500

514 Y - 2w0

515 LEtTER - 65

516 135 PORMAT(5XDJU AGENT NAME- 'S)

517 137 PORMAT(5X,4'.A1.' ENTER AGENT NAME' ',$)

519 138 DO 19031- START, NOSAMP

530

521 C

522 C THIS WILL ONLY REQIiRE ONLY ONE IPUT IP THE SAMPLES ARE ALL THE

523 C SAME.

524 C
.9 525

521 IP(ISAMEEQ.1)THE ALL AGENTS ARE THE SAME

527

sm U(U4U51.EQ.0)THEN ONLY READ ONCE

4 529

530 140 WRflE, 135)

S31 READ(-,2UI-140)AENT(I)

532

533 U(AGENT(I)EQ/E.ORt.AGENTM-)EQ.elT1NE ! USER WANTS TO OXff

334 ImT - I SET EXIT FLAG

sm GOTO 1000 R ETUJRN TO CALLER

336

$37
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5.1 IP(AGENTMI.EQ:* )GOTO 140 DO AGAIN FIELD WAS NULL
339

540 *,IUSE - 1 1 SET FLAG DONT COME bACK

541

542 COTO 160

543 ELSE

544

545 AGRNTM1 - AGENT(I - 1) EQUATE THE AGENT TYPES

w4 COTO 160 IWRITE THE AGENT NAME

547 ENDI
3

so6 ENDIP

549

550 150 W~flE(.I?3)CHARLETTER) LIST DESIGNATOR

551

552 READ(.2ZERR-150)AGENT(l 'INPUT AGENT NAME

553

5154 IP(AGENTMT.EQ'E.OR.AGENT().EQe')THEN' USER WANTS5 TO EXIT

5m IEXT -1 I SET EXTPFLAG

&56 CmT 1000 RETURN TO CALLER

557 ENDIP

556

559 IP(AGENT(I.EQ.')GOTO 150 DO AGAIN FIELD WAS NULL

540

561 140 amG- ?SECG.1

562 CALL WMTPT(?SEG.SEG)

563 WRrTE(,.*)E /rSS DELETE THE SEGMENT
564 WRTTE(*)EPS~F/SEG BEGIN THE SEGMENT

565

566 WRMT(.)E/n4Tr TEXT COLOR RED
567

56 CALL HIY(X.YI.A)

569 WR1TE()E*flP//A SET TEXT ORIGIN
370 TET - WXIHARLETER) !M DESIGNATOR

571 WRITE(,)E/fLT2 //TEXCT IWRITE THE TEXT

372

573 WRtTe(,*WPMPr PANEL COLOR GRAY

574 W)EWFl*,*t1n 'TEXT COLOR WHMT

576 Y - Y1-25

578 X -X 413D

-"I CALL HIYo(Y.A)
SIM WU1Th(E/flJ-/A SET PANEL ORIGIN

562 X -X 41100

363 CALL HIY(X.Y.A)e

M64 W61IE( ,)EJPUUiA DRAW BOTTOM Of Box

386 Y - Y 100

567 CALL HTY(X.Y.A)

sIB WUltWE1PLC7/A I RIGHT SIDE OF BOX

309

3"0 X - X -11

"I1 CALL MIY(X.Y.A)
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392 WIVT(,').JLL.'//A !TOP OF BOX

m93 WRn.()Er/I FILL THE BOX

394

3 95 Y-Y*TS

396 X-X+50

397

5m6 W rf,*)EjrkM'f " .TEXT COLOR WHirE

39

600 CALL HIY((XYA)

4 601 WRIfT,*WEn /A SET TEXT ORIGIN

602 WRrr,*)EfJLTA4/IAGENTI) WRITE THE TEXT

603

604 WRE.)EIPSC . CLOSE THE SEGMENT

605

606 IF(IThEMNG.EQ.1)GOTO 500 CHANGING ONE ITEM

607

606 LETTER - LETTER + 1 INCREMENT LETTER VALUE
609 Y1 - 1f1 - 125

610 X - 1500

611

612 190 CONTINUE

613

614 IF (CHANGE.EQ.1) GOTO SW

615

616 C

617 C THIS GES THE AGENT CONCENTRATION OF THE AGENT FOR ALL THHE SAMPLES

618 C,-

619

620 195 FORMAT(12X,WLL AGENT CONCENTRATION BE THE SAME FOR ALL SAMLES)

621 196 FORMAT(3SX.< Y > ",S)

622

623 199 INUSE - 0

624 15AME - 0

625 SAME - "

626

627 WRITEC,195)

62B WfnEIm)

629

630 300 READ(',6,tRR-20)SAME

631 IP(SAME.EQ.Y'.OR.SAME.EQ.'ySAME - 1

632

633 C

634

635 WtTE(,)E/fLZ CLEAR THE DIALOG AREA

636 EG- 29

637 X-o290

6 Y1 - am

639 LETTER -65
640 210 ORMAT(X,'1ENTER CONCENTRATION! '.)

641 212 PORMAT(3X.'S',A1,' ENTER CONCENTRAT1ON: ',)

643 21S DO 260 1 - 5TART, NOSAMP

644

6S C
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66 C THIS WILL ONLY REQUIRE ONLY ONE INPUlT IF THE SAMPLES ARE ALL THE

647 C SAME.

646

649

680 IPIAME.EQ.1)THEN 1ALL AGENTS ARE THE SAME

681

682 IF(INUSE.EQ.0)THEN I ONLY READ ONCE

683

654 230 WRrTE(210

686 READ 2ERR-22)CONCM)

6v7

686 W(CONCM.EQ.EV.OR.CONC(I)EQ/-e)THEN 1USER WANTS TO EXIT

699 IEXIT- I I SET EMTFLAC

660 COTO 1000 RETURN TO CALLER

661 ENDIP

662

663 IP(CONC(I).EQ ")GOTO 220 DO AGAIN MiELD WAS NULL

664

668 INUSE - ISET FLAG DONT COME BlACK

666 GOTO 250

667 ELSE

666

"69 CONCMI - CONCCI -1) IEQUATE THE AGENT TYPES

670

671 GOTO 250 WRITE THE AGENT NAME

672 ENDIF

673 ENDIF

674

675 WRflEC,212)CIARULETTR)

676

677 240 READ(',2,RR-240)CONCMl 'INPUT AGENT NAME

678

679 U(CONCM.EQ.E..ORCONCI-.EQ.THEN ! USER WANTS5 TO EXIT

600 EX T-I 'SET EXITFLAG

661 GOTO 1000 RETURN TO CALLER

682 ENDIP

663

"84 WF(CONC(I)EQ., IGOTO 240 'DO AGAIN FIELD WAS NULL

015

666 250 SECG- VEG4 1

67 CALL DMNIS(EGSEG)

6 WRffF'.)FS/5EG IDELETE THE SEGMENT

669 WUITEr(.)EJFSE7SEG 'SEIN THE SEGMENT

650

"I1 WtfTE(*)EJPM1 TEXT COLOR RED I
692

693 CALL HIY(XYIA)

694 wRmcE(*EnP/IA SET TEXTf ORIGIN

695 ET - 1-I#CI4AU(LIrm) 1 ITE MEIGNATOI

696 t4rw)*wrL7ffTTXT WRITE rKE TEXT

697

694 WUII(.j-RPf IPANEL COLOR GRAY

699 Wfl~Wtwl TEXT COLOR WITfE
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700

701 Y - Y1-25

702

70 X-X+130

704 CALL HY(XyA)

705 WIrE,)EI'U//A ! SET PANEL ORIGIN

706

707 X-X+750

705 CALL MIY(XY,A)

709 Wlr.,*E =/rLGA .DRAW BOTTOM OF BOX

710

711 Y -Y + 100

712 CALL HIY(XYA)

713 Wrn )Eifln'/IA I RIGHT SIDE OP BOX

714

713 X - X -750

716 CALL HIY(X,Y,A)

717 WRIvt,*)F/'G//A I TOP OF BOX

715 WRrTE,*)JrL" . PILL THE BOX

719

720 Y-Y-75

721 X-X +0

722

723 WrE,')fr' 7TrXT COLOR W-ITE

724

723 CALL HIfY(XY,A)

726 WrTEr,*)EJrP//A ! SET TEXT ORIGIN

727 WlRfF,)E/rLTICONC(1) 'WRITE THE TEXT

728

729 lPIlUCNG.EQ.1)COTO 300

730

731 WRlrnrE)E/,Fs c CLOSE THE SEGMENT

732

733 LETTER - LETTER +1 INCREoM T LETTER VALUE

734 Y1 - Y1 -125

73 X-2950

736

737 240 CONTINUE

738

739 IP (CHANGE.EQ.1) GOTO S0

740

741 C

742 C THIS DRAWS A LINE IN BUE ACROSS THE BOTTOM OF THE SAMPLE BOXES

743 C

744

743 U3 SEG -39

746 CALL NTh7T(ISEG,SEG)

747 WRIUI .)SE/SEC

740 X-1

749 Y - Y

730 IusE -Y K IUPTHE Y FOR THE LINE

731

73 CALL HIY(XY,A)

733 WNWI(R)ErML' LINE COLOR BUE
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754 WlUM ,I I/ClA I SET LINE ORIGIN

755

736 X -4095

737 CALL HTY(XY,A)

756 W1UT E,*)E/rL*'A f SET LINE END

739 W'T(,Eflfrr4" I TEXT COLOR RED

761 X -70

762 Y -Y-100

763 Y2-Y

764 CALL HTY(X.Y,A)

765 WRFEmrWlP//A ! SET TE)T ORIGIN

766 EXT- 16. START"

767 W1I T()EffT1I)TEXT ! WRITE THE TEXT

76 WRTE,')EJrSC" CLOSE THE SEGMENT

769

770 C

771 C T5 PART GEIM THE START, STOP, AND INCREMENT Of THE SAMPLE

772 C STAGE POR EACH SAMPLE. IN THIS CASE I ALLOW 114 DEGREE

773 C RESOLION ( 500 STEPS).

774 C

773

776 265 PORMAT(SYXWIL. ALL START POSIlONS BE THE SAME < Y > ',$)

777 270 PORMAT(5XSTART POSITION O ARM <DEGREES>: ,$)

77 272 PORMAT(SX.A2,' START POSITION OP ARM <DEGREES>: '5)

779

710 ISE -39 ! SEC NUMBER BEGINS AT 40

781 Y3 - Yl

762 X -70 START POSmON OF X

763 NUM -54 ! ASCII VALUE OF 6

764 11" -0 INALIZE TYPE O DAT

765

736 275 INUSE - 0

717
76 X1 - X ! SAVED VALUE OF START

769 YIyl -200 START POSITION OF Y

790 LEER -65 ASCII VALUE OP A

791

792 WIuEE.)EJ1Z" I CLEAR THE DIALOG AREA

793

794 ISAME - 0 I4mALUZE DIIPERENCE

796 IP(tPOS.EQ.0)THIN IF THIS IS START DATA

797 W cT(,2!) 'IN DATA PLAG

79 ELSIWIPOS.EQ.1)THEN THIS 15 END ANGLE DATA

7 WRttt(312)

I SWS.EQTHEN THS S INCR ANGLE DATA

-lI WRITEe,332

602 ENDIP

33

564 REA2.ERR-SIAME

S SAMEEQ.Y.O.tSAME.EQ.'Y-ASAME- 1
I06

607 276 WUre. wPL'r I CLEAR TM DIALOG AREA
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we

an DO03101 - ISTART, NOSAMP

$10

oil C

612 C THIS WILL. ONLY REQUIRE ONLY ONE INPUT IF THE SAMPLES ARE ALL THE

613 C SAME.

614 C

615s

6 IPMAME.EQ.1)THEN IALL AGENTS ARE THE SAME

6117

616s F(INUSE.EQO)THfN ONLY READ ONCE

619t 25D WRrIEJfl2' 'CLEAR DIALOG AREA

621 W(IPOS.EQ.0)THEN IP THIS 15 START DATA

622 WRITEC,270)

623 ELSEIPPOS-EQ1)THEN ITHIS 5s END ANGLE DATA

624 WRITEC,314)

623 ELSEIP(POS.EQ.2)THEN IS i INCR ANGLE DATA

626 WRrrE(*,334)

627 ENDIP

LID RE~,(AS)',ERR-ZO)POSMI

131

632 C

833 C HERE I CHECK IP THE USER ADDED A DECIMAL POINT TO THE INPUT.

634 C THIS WILL KE REQUIRED POR THE REAL INPUT. IF rr WAS NOT

535 C PROVIDED I ADD ONE. ANY VALUE IN THE 1/10th PLACE WILL K MADE

526 C A * .S ' AS I AM UM~flNG THE RESOLUTION TO 1/2 A DEGREE.

637 C

539 IDEC-O0

6Be K -0

541

6142 DO 22 - ..- 1 LOOP THEU INPUT

543

644 F(POS4Io-D.EQ* ICOTO 252 LOOK POE A SPACE

1145

6so v(POS()D-EQ ')TfHEN ILOOK POR A DECIMAL

547 IDEC -IDEC +

646 I(DEC.EQ.2)COTO 2N0 2 DECIMALS

&W0 IP(PS(1)Q.1:J.1).GT CHAR(48).AND. CHANGE ANY INPUT - .5

551 . POS(I)04+1:l.1).LT.CHAR(55))THEN IF NOT - .0

652 POSMII*J.) - T

a 053 BEJDW

$54

w1 GCTM 32 IGO CONVERT TO REAL

557 EDD

I"9 U(POS(IDLT.CHAR(444O.POS()Q:D.GT.

No . CHAR07)G0TO N
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662 WbS(:D.r.CHAR47).AND.POS):j).LT.

83 CHARMNDTHEN

1"

as $ K-K +I ;COUNT NUMBERS

867 rF(EQ.4)GOTO 210 INPUT TOO LARGE

I" ENDW 'CAN ONLY BE 3 CHARS

869 262 CONTINUE

87n I(K.GT.0)HEN

an K-K+I

87" POI)("K) - . PLACE THE DECIMAL

874 ENDWP

575

76

r READ(POSM.'(PS.2Y,ERK-280)RCHECK

878

BIG)Ef[Z CLEAR THE DIALOG AREA

al

U2 IP(PM0).EQ.''.Ol.POS(I).EQ.')Ti41EN' USER WANTI TOOM

183 E -XI ISETEXr FLAG

a4 GOTO 1000 RETURN TO CALLER

mS EN DW

U? 3(POS(),EQ: )GOTO 280 DO AGAIN IELD WAS NULL

S NUSE - I SET FLAG DONT COME BACK

9 GOTO 3

m EL.SE

391

092 P0 () - P06(1- I) EQUATE THE AGENT TYPES

893

94 GOTO 300 . WRITE THE AGENT NAME

89 ENDIP

397

99 an IPOS.Eo0)THEN I TH11IS5 START DATA

ow WIITEX2)CH A R ECl7ER)

901 ELSEIPIPOS.EQI11HEN ! THIS 5 END ANGLE DATA

92 WRJTEf,311)CHAR(NUMYICHAR(LErTER)

I3 ELSEIWPOS.EQ2)11-EN ! THIS I5 INCR ANGLE DATA

904 WlJTt(1,3)C 1IA I UNvCH AR(LETER)

90 ENVUF

907 P05(I-"

go K-0

910 210 IEAD(,'(AT.mER-2000POS) INPUT AGENT NAME

911

912 c

9s C HEE I CIEM IF TH'E US ADOMT A DECIMAL POIT TO THE INPUT.

914 C TI E WI I0QmED POt TE REAL INPUT F IT WAS NOT

915 C PROVIDD I ADO ONE. ANY VALUE IN 1141 1/10th PLACE WILL BE MADE
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916 C A ' .5 ' AS I AM LIMITING THE RESOLUTION TO 112 A DEGREE.

917 C

9ig

919 IDEC-O0

9w6 K -0

921

922 DO02921 -5,1,-i LOOP THRU INPUT

923

911 W(POS()0:D.EQ. )COTO 292 LOOK POR A SPACE

926 IP(P0WI~:J)-EQ.'.)TH I LOOK POR A DECIMAL

927 IDEC - DEC +I

928 mW4DEC.EQ-2)GOTO m9 '2 DECIMALS

929

930 lNPSl1j).GT.C4AR(4).AND. CHANGE ANY INPUT -. 5

931 .POS(IelJ*1).LT.CI4AR4S8))THD.J IF NOT - .0

932 POSNI)Q.i:s) - 'F

934

935 COTO 297 CGO CONVERT TO REAL

936 EDIW

'37

936 F(POS():.CT.CHAR(47).AND.P0541)LT.

939 C14AR43I))THEN

940

941 K-K+l *COUNT NUMBERS

"42

943 RW.IEQ.4)GOlTO 295 !INPUT TOO LARGE

944 ENDW CAN ONLY BE 3CHARS

945

944 29 COKTINUE

947

946 W(K.GT.0)fl4N

949 K-X.1

950 P0541)(L) -PLACE THE DECIMAL

92

9go lMAD(POS4I)(P5.2y,ERR-2s)tCHECK

V14 COTO 297

95

ON C
* 927 C THE START.STOP.AND INCREMENJT OF STAGES MUST BE GOOD NUMBSERS OR THE

939 C ECPERIMENT WONT WOhJI..

9"

go1 295 WUlE(*,*Wr1Z CLEAR DIALOG AREA

942 COTO m4

946

947 297 POS4B0Q.1O.P54I.tQ:.*THEN !USER WANTS TO Ef

90 amT- ISET EWTPIAC

949 GOT1090 RETURN TO CALLER
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f70 ENDO

971

972 F(POS.EQ.)GO' O US DO AGAIN FIELD WAS NULL

973
974 3 IEG-IEEG+I

97 CALL INTRPr(5EG,SEC)

976 WlfrnTC..)EfS#',SEC DELETE THE SEGMENT
977 WRI9r*, WSE jEG I BEGIN THE SEGMENT

o7 CALL HlY(X.Yl.A)
97w9RTE(wrIUwnA F

90 WNTVr.lw rhrr , TEXT COLOR RED

1

go2 TEXT - CIARQ4UMYCHARLETTER)

3 WE,,)FJLTr/fEXT I WRITE THETEXT

964

S WRrTE,fjFrA, PANEL COLOR GRAY

96 WRrIE.*)Erw' TEXT COLOR WHITE

I98

us Y YI -25

9

990 X-X +130
99l CALL HIY(X.YA)

92 WRITE(,-)FJrL'//A SET PANEL ORIGIN
993

94 X-X+,

99S CALL MIIY(XoYA)
996 WRflE ,)E'r,'//A DRAW BOTTOM OF BOX

997

9 Y -Y 4,100

999 CALL HIY(XY,A)

10o WRlTE,').rt,G'/A I RIGHT SIDE OF BOX

1001

10D -X - 3W0

l00 CALL HIY(X,Y.A)
1004 WlUTE,*)FJr'./A TOP OP BOX
1005 WRf.*WrL PILL THE BOX

1007 Y -Y-73

100 X -X 4 so

'0"9
10 WRfl fWrMTr' TEXT COLOR WHITE

1011

1Q12 CALL HIY(X.Y.,A)

1013 WUI .'.n../,IA SET TEXT ORIGIN

1014 WfT ,.'IrLT3,IffIS WRITE THE TEXT
1015

1016 wR!r'e,*)F ' CLOSE THE SEGMENT

1017

1013 I W(n LCNG.EQ.1)GOTO 300 CHANGING ONE TEM

1019

103 LET= - LETTE + 1 INCREMENT LETTER VALUE
142 1 Yl - Yn - 125

"2 X-X1 GIVE X ITS ORIGINAL

No I VALUE
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1024 310 CONTINUE

1025

1026 (CIHANGLEQ.1)GOTO SW

1027

m03 C

1029

1020 IPOS.EQ-.O)THEN 1 THIS 6 START POSITION

10 1 DO 313 I-1 iNOSAMP ! DATA.

1032 STARTMI - P06-I I EXCHANGE DATA

1033 315 CONTINUE

1034

1035 USENVPPS.EQ.1)THEN ! THIS is STOP ANGLE

1026 DO 316 I- 1,NOSAMP 'DATA.

1037 STOPI - ) ! EXCHANGE DATA

I026 316 CONTINUE

1039

1040 LSEIN .IPOSEQ.2)THEN THIS INCR ANGLE

1041 DO 317 I - tNOSAMP DATA.

1042 INC(I) - P0 1 EXCHANGE DATA

1043 317 CONINUE

1044

1045 ENDSIP

1046

1047 C

1048 C THIS NEXT PART USES THE ABOVE SECTION OF THE ROUTINE AGAIN

1049 C BY CHANGING SOME OP THE VARIABLES, THESE ARE THE X,Y POSITIONS

1030 C OP THE SEGMENTS AD THEIR ASSIGNED NUMERIC VALUES.

1061 C THE END POSITIONS WILL BEGIN AT 50 AND THE INCREMENT SEGMENTS

1052 C WILL BEGIN AT 60.

1053 C

1064
1055 312 PONMAT(SX,WI. THE END ANGLE BE THE SAME POR ALL SAMPLES:

1096 .< Y > '.S)

1057 314 PORMAT(SX.ND POSITION OF ARM < DEGREES> : .S)

10M 318 PORMAT3XA2.' END POSITION OP ARM < DEGREES> : '5)

1099

1060 3 IPOS - IlPOS + 1 POSITION TYPE COUNTER

1061 1- END POSITION AND

1042 ! 2 - INCREMENT OF ANGLE

1063 C
1064 C THIS 5 DATA P06 THE STOP ANGLE POSITION POE THE SAMPLES.

1065 C

104

1067 (POS.EQ.1)THEN THIS I POR END POSITION DATA

IU mE -49

1ow CALL I'TRPT(KGSEG)

1070 WvITW ,(.W r

1071 WRIrTWW. MT4* TEXT COLOR BLUE

1072 X-7 0

1073 Y - Y2

1074 CALL IY(X.YA)

10U5 WRf,*W..P'1 A . SET TEXT ORIGIN

107 TIXT - 7. STOV

17 WUIfU,ITICT 9 WRITE THE TEXT
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078 wvr .ImSrC !CLOSE TIH SEGMENT

1079

10i0 NUM - NUM +1 INCREMENT NUMERIC VALUE

1051 X -X

IOu Y! -Y-100

1093 LETTER - 65 ASCII VALUE OF A

104 1SAME - 0

10os INUSE - 0

1086

1097 330 WUTEJ,-WLZ CLEAR TE DIALOG AREA

low

lo9 ISAME - 0 !INImALLZE DIPFERENCE

1090 WTEC,312) IN DATA FLAG

1091

1092 3EAD(-,ZELR-330*AME

1093 (SAME.EQ.'T.OR.SAME.EQ.'y)ISAME - '

1094 COTO 278

1095 ENDIU

1096

1097 C

t01 C TIN S DATA FOR T4E INCREMENT OF THE SAMPLES ANGLES.

10 C

1100

1101 W(IPOS.EQ.2)THEN 7M S FOR END POSITION DATA

1102 332 FORMAT(SX,WILL THE INCREMENT BE THE SAME FOR ALL SAMPLES:

1103 <Y > 4)

1104 334 PORMAT(SX," INCREMENT OF SAMPLE STAGE <DEGREES> : ",5)

1106 336 PORMAT(SX,A2, INCREMENT OF SAMPLE STAGE <DEGREES>: ",)

1106 BEG - 9

1107 CALL INIIPT(ISEG,SEG)

1108 WRflT , ',FSE/,SEG

1109 WTI.,*)E/flUT4" TEXT COLOR BUE

1110 X - 1400

1111 Y - Y2

1112 CALL HIY(X.Y,A)

1113 WRIfE'.*EJnP/L A SET TEXT ORIGIN

1114 TEXT- . INCR"

1115 waRr(.*EJPLTFrTn WRT THE TEXT

1116 WITPrsC- I CLOSE THE SEGMENT

1117

1118

1119 NUM - MUM I INCREMENT NUMERIC VALUE

1130 X1 - X

1121 Y1 -Y-100

1122 LETTER - 6i ASCII VALUE O A

1123 ISAMIE - 0

1124 INUSE - 0

1123

1136 340 WU1TE(,.Er.Z CLEAR THE DIALOG AREA

1127

11 SAME - 0 INITIAL z DIFERENCE

1129 Ti I(332) IN DATA FLAG

1130

1131 ,EADC..R-340*AME

-298-



Appendix IV

1132 IF(SAME.EQ.-Y.OR.SAME.EQ.'y')SAME - 1
1133 GTO 278

1134 ENDIfP

1135

1136 C

1137 C THIS DRAWS A INE LIE FROM THE TEXT INPUT SCREEN TO THE BLUE LINE
1136 C UNDER THE SAMPLE AGENT AND CONCENTRATION SECION. TH-IS AREA
1139 C 6 USED AS A TI X' IrRUCION AS TO HOW THE USER MIGHT MAKE

1140 C A COlECION.

1141 C

1142

1143 -79

1144 CALL INhPT(lSEG,SEG)
-1 1143 WU'I-I..,'/,SEG

1146 WRIT..)*WfrSEI EG

1147 X - 230

1141 Y - ILINE
1149 CALL HIY(X.Y.A)

1150 WRIE(.,)EJrMIr' LINE COLOR BLUE

1151 WRfl.,')EifLPIlA SET LINE ORIGIN

112 Y -450

1133 CALL HIY(XYA)

1134 W3IC')E/r l/A SET LINE END

1155 X -X f 30
1156 Y--ILINE0

1157 CALL HTY(X.Y.A)

I1t1 WRI'WT)E/rP1,I/A SET LINE ORIGIN

11%59 - 430

110 CALL HIY(X.Y.A)

1161 WRlTfE ,)nFrZ'//A SET LINE END

1162 Y - ILINE.. 20

1163 CALL HIY(X,Y,A)

I16 WrIT(,W ,P1//A SET LINE ORIGIN

1165 X -4075

1166 CALL HrY(X.Y.A)

1167 WRrM(-EWjr'//A SET LINE END

114 X -40"

1149 Y -INE

1170 CALL HIY(X,Y,A)

1171 WRf.,-)EIP1.7uA SET LINE ORIGIN

1172 Y - 450

1173 CALL HTY(XYA)

1174 WRIUT*,*WWJ*/'IA SET LINE END
1173 Y -IL E -3

1176 X - X -20

1177 CALL HIY(X,Y,A)

117s W101C.E/uA .SET LINE ORIGIN

1179 Y- 430
1160 CALL IY(X,Y,A)

1161 W .RlW(WfLG'l/A SET LINE END

1182

1183 C

1184 C IS PLACES TEXT IN THE PANEL THAT WAS ANT OUTLINED AOVE.

1160 C T101 COLOR S m.
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1187

1111 iECr - - coeucnONS -

1149

1190 X -2350

1191 Y -fl.U'E.20
1192 CALL HYY(X.YA)

1193 WRf** rEJP1A

1194 WRMEC.-VTT

1195 W31Th(.jErLTA</fIVCT

1196

1197 ThMT- Se a *fit mmbe w

1193 y Y- Y- 00

1199 X1 -X -150

1201 CALL #IIY(X.Y,A)

1202 WUWT*WnPE/rIA

1204 WU!TE(.)EWrLTA<*7/WrT

1205

1204 TEXTr- 'dinp awhlegroup.'

1207 y - y.100

120 CALLI4IY(x~Y,

1209 wu..)EPLI.,,.PPefldjX 'IV
1210 W3RE(.jEJLTA<'IflXr

1211

1212

1213 TEIXT - Tivier a single number with'

1214 y- y -200

1215 CALL HIY(X.Y.A)

1216 WRMCl(*Fifl/A

1217 Wl1r4)ErLTA'ITVCT

1218

1219

1220 'TKX1 - 'a Iutev 10 chomp a spetifr'

1221 Y -Yv-100

1222 CALL HIY(X.Y,A)

1223 W3.*W~Fr17/A

1224 WUITE(.,EjPLTA- 'IflmT

1225

1220 TEXT-

1227 Y - y-too

12:111 CALL )41YMXYA)

1229 WRm(.,Ejf i//A

1230 WfRMC,-WLTA<IVrIXT

1232

1233 TET - -PMS EUFItN TO CONTINUE -

1234 y - y.0JI

113x X -X1

1234 CAL.L MI(X.YA)

1w WWflI,WflrPMA

1239 WWRISTIE(L.rtl'ET
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1240

1241 WIUlTrEJfsC END THE SEGMENT

1242

1243 C

1244 C THIS PART ALLOWS THE USER TO MAKE CORRECTIONS TO ANY DATA ITEM

1245 C BEFORE MOVING FORWARD.

1246 C

1247

1248 S0 CHANCE -0 1 INITIALIZE CORRECTION FLAGS

1249 flEhLCNG - 0

1250 ISTART - 1

1251

1252 345 WRrTF ,-EFJlZ . CLEAR THE SCREl

1254 CORRECT -' IJmALZE THE ERROR INPUT

1255

1256

1257 350 FOURAT(SXENTER A NUMBER FOR CORRECIIONS: ',$)

1256

123

120 W~m(,3)

1261 READ(','(A2,ERR-34)CORRECT

1262

1263

1264 WCOURECT.EQ. GOTO 1000 1 USER WANTS TO CO ON

1265

1266 C

1267 C THIS EVALUATES THE FIRST CHARACTER TO MAKE SURE IT IS A NUMBER

1241 C

1269

1270 IP(lCHAR(CORRECT(1:1)).CT.41.AND.

1271 ICHAR CORRECT(:1)).LT.546)GOTO 360

1272 GOTO 345 I FIRST CHARACTER WAS NOT A NUMBER

1273

1274 C

1275 C THIS CHECKS THE SECOND CHARACTER TO SEE IF I 5 THERE OR THAT

1276 C IT 1S A CHARACTER FROM A - H DEPENDING ON THE NUMBER OF SAMPLES.

1277 C

1276

1279 340 2CORRECT(2:2).EQ." THEN . USER WANTS TO CHANCE AN

10 ENTIRE GROUP

1381 UEAD(CORRECT(I:ly(N,.),OERR-345)NEWJNPUT

132

123 W4IEW2NR41.LT.1 .OR.NEWJN.IT.CT.B)GOTO 345

I34

130 CHANCE -1

1366 (NWNPUT.LT.6)THEN G CO CHANCE SAMPLE DATA

137 COTO(40,0A.It0,,19 qWJ 'PUT flEMS I -s

139 ESE STAGE MOVEMENT DATA
1290

1291 FQNEW.*NftT EQ 6)1HEN

1293 SEC -o
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1294 X - 70 I START POSITION OF X

1295 NUM - 4 !ASCU VALUE OF 6

1296

1297 ESEPEWJINkJfPUT.EQ.7)THEN

1296 WOS- I

1299 ISEG - 49

130 X -700 I START POSmON OF X

1301 NUM - 55 ! ASCII VALUE OF 7

1302

1303

1304 E[.SEW(NWJtETQ.E.)TH1 E

1305 IPOS- 2
1306 iSEC -~

1307 X - 1400 START POSITION OF X

1308 NUM - 56 ASCII VALUE OP8

1309

1310 DF

1311 Y1 - Y3

1312

1313 GOTO 275

1314

1315 ENDIP

1316 DJP

1317

1318 C

1319 C THIS PART I ENTERED IF THE USER IS SELEtCTING A SPECIFIC qTh

1320 C ON THE MENU TO CHANCE. FIRST I GET THE INTEGER AND COMPARE IT

1321 C TO THE NUMBER OF SAMPLES. A BAD ENTRY MEANS DO IT AGAIN.

1322 C THEN I TAKE THE SECOND ENTRY AND MAKE SURE ITS CORRECT AND

1323 C WiTHIN BOUNDS.

1324 C

1325

1336 READ(CO ECT(1:1).'(N,I2..ERR-34.NEWJNpUT ! CNG TO INTEO

1327

1328 POIEW- U.LT.I.OR.NEWJNPUT.GT.)COTO 345! BAD INPUT

1329
1330 LET - ICHAR{CORRECT(2:2)) 'CNG TO INTEGER

1131

1332 C

1333 C THIS CHECIS FOR CASE. IF INPUT WAS LOWER CASE I MAKE IT UPPER

1334 C CASE HERE. a - h is changed to upper cow

1335 C

1336

1337 IF6T.GT,6.AND.LT.LT.0S)THEN ITS LOWER CASE

1330 - LET -32 MAKE LOWER CASE

1330 SNO0W

1340
1341 W(ILT.LT.65.OR.LET.CT.64 + NOSAMP)GOTO 345 ! bAD INPUT

1342

1343 C

1344 C HERE I SET GET THE SPECIF1IC SEGMENT NUMBER I NEED AND

1345 C THEN I SET S1TART FOR THE CORRECT ARRAY VALUE. I ARM A SINGLE

1346 C EVENT DATA ILAG I fTE aWc - I I AND I GO GET THE DATA.

1347 C
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1348

1349 ISTART - LET -64 GET ITEM NUMBER

1350 SAME -0 ! FLAG FOR SINGLE IN PUT

1351 nTEhL: G -1 FLAG TO JUMP OUT

1352

1353 jLTER - LET

1354

1355 IF(NEWJNPUT.EQ.3)1EN 'CORRECTING A SAMPLE ITEM

136 SEG - s + START THIS S THE SEGMENT No.

1357 YI - 2600 - (125 * (ISTART -1)) ! Y VECTOR OP SEGMENT

1358 GOT069

139

1360 C
1361 C AGENT DATA

1362 C

1363

1364 EEWS(NEWJNPUT.EQ.4)THEN CORRECTING AN AGENT ITEM

1365 IF(AGENT(1).EQ.'NONE')GOTO 345 !CANT PICK SPECIFIC

1366 . NOTHING.

1367

1368 SEG - 1 + ISTART 'TM IS THE SEGMENT No.

1369 YI - 2600 - (125 * (ISTART - 1)) ! Y VECTOR OF SEGMENT

1370 X -1500

1371 GOTO 138

1372

1373

1374 C

1375 C CONCENTRATION DATA

1376 C

1377

1378 ELSEI(NEWINPUT.EQ.5)THEN 'CORRECTING AN AGENT ITEM

1379

1330 IF(AGENT().EQ.'lONE)GOTO 345 CANT PICK SPECIFIC

1361 1 NOTHING.

1362

1333 ISEC - 28 + ISTART 'THIS S THE SEGMENT No.

1384 Y1 - 230 -(125 * (ISTART - 1)) 1 Y VECTOR OF SEGMENT

1305 X -2950

1366 GOTO 215

1367

13B C

13@9 C SAMPLE STAGE START POSITION

1390 C

1391

1392 EISEIF(NEWJkIlPUT.EQ.6)THEN 'CORRECTING START POS

1393 1POS-0
1394 BBC - 3e + START ! THIS THESEGMENT No.

1396

13% YI - Y3 -(125 * (1START - 1)) Y VECTOR Of SEGMENT

1397 Y1 - Y - 2w0

139 X- 70

1399 NUM - 54 ASCII VALUE OF 6

140 GOTO 275

141
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1402 C

1403 C SAMIPLE STAGE STOP POSITION

1404 C

1405

1406 ESIS T.EWE.NPUT.EQ-)THEI CORRECTING STOP POS

1407 IPOS- 1

1408 SM - 4 5+ ISTART 1THIS 1 THE SEGMENT No.
1409 YI - Y3 - (125 - (ISTART- 1)) f Y VECTOR OF SEGMENT

1410 X - 700

1411 Y I - YI - 6 
9

1412 NUM -55 ASCII VALUEOP7

1413 COTO 278

1414

1415 C

1416 C SAMPLE STAGE INCREMENT

1417 C

1418

1419 ELSIP(N1EWJNPUT.EQ.8)THEN CORRECTTNG INCREMENT

1420 [P10 - 2

1421 SEC - .1 ISTART MTHIS IS THE SEGMENT No.

1422 YI - Y3 - (125 (START-1)) Y VECTOR OF SEGMENT

1423 X -1400

1424 Y -1 Y- 200

1425 NUM - 56 ! ASCII VALUE O118

1426 COTO 276

1427

1428

1429 ENDO

1430

1431 1000 RETURN

1432 END
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AIV.25 Analog APSD Software Modules: TEKTEXT Source Code.

I SUMOUTINE 1TCT.PORPORTRSErANSANALYTE,

2 AMOUNTIafT)

3

4 C

5 C TH ROU11NEIS CALTE JUST TO WRITE GRAPHIC 1EXT FOR THE USER

6 C

7 C TXTjFLG -1

a C PIMST THE PORT SETINGS ARE DEFIED AND THE USER 15 REQUESTED

9 C TO ENTER THE PORT UPON WHICH ALL COMMUNICATIONS W1LL TAKE PLACE.

10 C

11 C TXTLG- 2

12 C HERE THE USER ASKED IP THE REAL TIME GRAPHICS WILL BEUSED

13 C OR AID VOLTAGES DISPLAYED OR IF NO OUTPUT AT ALL 15 DESIRED.

14 C

15 C TXT.PLG - 3

16 C THIS PART S USED TO TELL THE USER TO APPLY AGENT TO THE

17 C SAMPLE AND HOW MUCH.

Is C

19 C TxTJLG - 4

2 C THIS TELLS THE USER THAT A SPECIPIC LASER IS READY TO BE

21 C CALCULATED.

22 C

23 C PORT - THE SEIUAL COMMUNICATIONS PORT SUPPLIED BY THE USER

24 C SENT BACK TO THE CALLER

25 C

26 C RESET -O SENT FROM THE CALLER

27 C DRAW THE GRAPHICS PANEL FOR TEXT

28 C

29 C RET - I

30 C DONT DO ANYIHING TO THE PANEL DRAW/DELETE

31 C

32 C REST - 2

33 C DELETE THE PANEL AND TE)T

34 C

35 C ANS - CHARACTER NUME 1,2 OS 3. POR THE TYPE OP OUTPUT THE

36 C USER WOULD UK] TO HAVE POR THIS EXPERIMENT.

37 C SENT BACK TO THE CALLER

C

39 C ANALYTE - THE CHEMICAL THAT IS TO BE APPUED TO THE CURRENT

40 C SAMPLE. SENT IN PROM CALLER.

41 C

42 C AMOUNT - THE AMOUNT OF THE CHEMICAL THAT 15 TO BE USED ON THE

43 C CURRENT SAMPLE. SENT IN FROM THE CALLER

44 C EXIT - PLAG THAT USER WANiS TO EXIT THE PROGRAM

45 C

46

47 CHARACTER rSEG3.AS.A 1.T$, Xr. )-PO10 ANS ,P 54ED1

43 CHARACTER ANALYTL0,AMOUN'IS

49

so InGR X Y,TXI"TPLGRESET
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52 E - C4AU2

3

54

58 Wtm(s,WrLv0'

56 WRIE()ErLZ'

57

se

39 M EE- 00

40 CALL lNTRPT(lSEG SEC)
61 0

62

63 PraESET EQ.2YTHEN I CLEAR THE WHOLE VIEW

45 W311,wErwIJsEc DELETE SECMENT 900

67 CALL INTRPT(SMCSEC)

WlUT1E,*SICIJSEC DELETE SEGMENT 900

6 RTErP1Qrlow I RENEW THE VIEW

70 GOTO 1010

71

72 ELSEIP(RESET.EQ0O)THEN

73

74 WUITE1.wEJ SEE I BEGIN SEGMENT 900
73 1 USER WANTS A RED PANEL

74 WRfTE(,*)EjrmoP- PANEL COLOR RED
717 WrtfE(.)Er4I7 TEX COLOR YELLOW

78 W~rEE()EIPML1' 'LINE COLOR WHITE

79 X - s0

so Y - 00

M1 CALL HIY(XY.A)

82 WRITEC.*WE/PL7A/r1'

3

64 X - X+ 30

as CALL HVY(XY.A)

86 WR1TE(.,EWr1A

of Y -Y - jaw

89 CALL HIyYY.A)

go WRrrE(,jEIPGIA

91

92 X- X -3096

92 CALL HI(X,Y.A)

94 WR17E(.*EIPLG'/A

96 WRrrEC*WSC

974

101 C 7M~ DRAWS ?HE TEXT IN THE PANEL

102 C

103

tog s S~- W

1ag
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106 CALL lN RTM(1SCSEC)
107 wwP dsrlC'fIEC DELET SEGMEWJ 901
106 W 7D,*fK MREEW T7E VIEW
109 WPTE(,EJEIvISEG B ECIN SEGMENT 901

III lP(1W-R.EQ1)T"EN SET PORT PARAMETERS

112

113 X -1000

114 Y- 2500
4 115 CALL HIY()(YA)

116 WU'tF.*Enp1PIA

117 T7W - IME COMMUNICATIONS, PORT MUS BE DEFINED WITH'

118 WfTFC(,*ELD'IITEXT

-?119 y - y IS

12D CALL HIY(XYA)

121 W~rTE),*WP//A

122

123 TEXT - IHE POLLOWING PARAMETERS:'
124 WRf1*T/fTEXT

125

126 X - X+20

127 y - y-300

IN8 CALL HIY(X.YA)

129 wgnVTE.)EWrPI/A

130

131 1T' -"% ' SA0UD NO PARTr
132 WRITE,*rLTD1'IITEXT

133 Y- Y-150

134 CALL 141(X.YA)

135 WRM(,*EJPUA

136

137 TEXT -i' BIS ISTOPITI*

130

140 y -y-150

141 CALL I41YA)

142 wtfTE(*Er/A

143 TmX - 'NO ECHO NO LOCAL ECHO'

144 WUfW,*rLTDW'ItrEXT

145

146 Y - y-ISO

147 CALL HIY(X.Y.A)

143 WWflT,*WJP/A

149 TET- 'PASSALL MODE'

1SO WUIII(WFLmo/nTXTr

151

153 Y- Y -300

153 CALL HIYYA)

154 WWWT(,PffFRA

135 TEXTf - T315 WRURN FOR DEFAULT POUT < TXA2. >'
136 Wy,1ALTw0'fwt

139 CALL HWUY..A)
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160 WR11w~wril/A

141 TED(T - IER THlE SERIAL PORT NAME:

162 WI(.rTID/EXT

163

I" WRTE(.3wrSc

166 W~.E*rU~r TEXT YELLOW ON RED

167 wwsrfPE(iL I DIALOG AREA 2 LINES
166 WRIIT~EJPLC f DIALOG AREA 10 CHIARACTERS LONG

169
170 X-a50

171 Y- Y -90

172 CALL HUYo(XyA)

173 WUTrE-(WJP1XIA

174

175 W1TW4,jErLVr

176 50 WRfftE.EWnZ

I"7 UEAD(l/(ASY.ERR - 50)PORT

178

179 C

180 C CHECK POR PORT DEMIMfON ERRORS

181 C

102

183 U(PORT(1:1).EQ.CHAR(16))PORtTQ11) - 'r

104 W(PRT2).EQ.CAR(12)POT(-2) - X

185 WV(PO 3J3).EQ.CS4AR(97))PORKTp:3) -A

186

1I7 U(PORT.EQ., )THEN USER WANTS DEPAULT
in PORT - 11CAZ' SERIAL PORT

139 COTO 1000

190 ENJDIP

191

192 r(PORT(1:3).EQ-.1XA)THEN I THESE ARE THE SERIAL
193I PORTS IIA USING

194

I"5 DO0601 -1 I' LOOP THRUO0- 7
196 P(PORTR4:4)-EQ.OIAR(47 4 I))COT0 70

197 40 CON1T4E

199 G01O W3 IT WAS BAD DO rr AGAIN
]w 70 PORT(35) I MAKE SURE YOU END WTTH A COLON

302 ELSE

303 GOTOS so BAD INPUT

an C

IV7 C HERE THE USER 5 ASKED TO SELECT THE TYPE OP O~lY KIT DESIRED

211

212 X -1low

213 T-MVS
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214 CALL HIY(X.Y,A)

213 WtIThECWflA

216 TEXT - INTER TH.E TYPE OP OUTPUT DESIRED>'

217 W~flW(~,WLTDW'/AmXT

218

219 Y -Y.-400

220 CALL HIY(X,Y.A)

221 W~flI(*)FrfP1IA

222 TE~r - 'I. REAL TIE EK ONIX GRAPHICS DISPLAY'
U 222 WRrI('*'PJLD'NTEXT

224

225 Y - Y IS

236 CALL HIY(X.YA)

227 WRfl'EC(-PEIP1A

228 TEXT - '2. REAL iTIE AID CHANNEL VOLTAGE OLITPT.TS'

229 WofTE(.WLTDwlfITcT

2.20

231

22 - Y- ISO

223 CALL HIY(X.YA)

224 WUTE4'jEJIPIIA

2" TEX(T - 'J NO DISPLAY OF DATA*
224 WRIEr,*LTrifrEXT

227

230 Wtm(~rW'SC* I END THE SEGMENT

239

240 WR!(,)ElPU72' TEXTf YELLOW ON RED
241 WRm(r)ei*rxJZ I DIALOG AREA 2 LINES
242 WRflE(rEfLC:' DIALOG AREA 10 CHARACTERS LONG
243

244 X-2m0

245 Y - Y.300

344 CALL HWY(.Y.A)

24ammPIN

2an 3 WITh"Wf/nz

231

252 READ('.'(AYERR-l0)ANS

253

254 P(ANS.E.'.OANEQ..O.AEQ')OTO 1000

us5 COTO W

256

257 C

m c THIS TELLS THE USRE TO PUIT THE ANALYTE ON THE SAMPLE. THE SAMPLE
W5 C HAS KEN MOED TO THE CORRECT POSITION TO ADD THE CHEMICAL

390 C

241

23

244 X - lol

248 Y-3m0

294 CALL #UY(.YA)

24 WNTE,~'NIfrA

AmO
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TE 1XT - 11,11 SAMPLE 5 NOW READY PC! THEW'I ANALYTE

3.

270 WWm~rJEwrL~TDWlf/T

271

272 Y -Y -300

273 CALL H1Y(X,Y.A)

274 WwTT(.*EiWuA

275 TEXT - ILEAS APPLY: 'IIMOUNTo? TO THlE SAMPLE

276 WRITlE/f~wL1D~'/fXT

27

279 X -X + 63
279 Y -Y- 3Q0

380 CALL HTY(X.YA)

231 WRITE4E.f Itt/A

392 TEXT- 'PRESSTO GOON.-

363 WRTrrT1Dv/lTEDrr

384

33 WWfTE(,EJ/SC END THE SEGMENT

37 READ(*;(AY.ERR-100o)RNJPED

me READ(.(A.ERR-1000WMH*ED

m4

290C

29

29 ELMI(TXTJL.EQ.4)THEN

29

294 X -1300

295 Y -2300

206 CALL HlYY,A)

29 WRlTE(, giPl/A

296

299 TEXT - UNE LASER NO. //ANS/P TO WAVELENGTH: IIANALYTE

300 W~ljEk/*rLUDo'fTE

301

302 X-Uof

303 v-v-rn
304 CALL HlY(XY.A)

306 WWfTE(,*nP/IA

306 TEXT - PROSS RETURN WHEN THE CALIDRATIN IS CO6EPLE?

37 WRfl*FLTDw/lTEXT

306

309 WWTrC,.jJC END THE SEGMENT

310

311 READ(*.(AY.RR-1000)PWWED

312

313 mmE

314 oIff-0

313 IDVW

316

317 "m W .. WILV0' I SABLE DIALOG AREA

314 WRITE(,"VZ I CLEAR DIALOG AREA

3", Wm%*,*NIJI44' It WHXIMTE ON BUIE

33 wrafl4,ri7L I DIALOG AREA 2 LtJES
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322 Y-0

323 CALL 141Y(X.Y,A)

32 WRrlr inr/XuA I RESET DIALOG AREA POSITION

325 WRUIT,'nIPWm' DIALOG AREA 30 CHARACTERS LONG

327 1010 REET - 0 RESET T E PANEL DELADRAW PLC

329

330 ED



Appendix IV

AIV.26 Analog APSD Software Modules: TERM-INFO Source Code.

I SUOUTINE TRM-NPOTIUMNUMJALNESTOTMEM,PREL MM

2 . ERSIONOPT..NUM,OPT2JO)

3

4 C

S C THIS ROUTINE WILL POLL THE TERMINAL THAT YOU ARE LOGGED IN ON TO SEE

6 C WHAT TEIMOND MODEL 6 IT 1S (AND F IT 1S A TM TERMINAL AT ALL), AND

7 C ALSO WILL TRY TO DETERMINE HOW MANY BIT PLANES THE TERMINAL HAS

0 C INSTALU.D,

9 C THE TOTAL MEMORY WSTALLED, THE AVAILABLE MEMORY, AND THE FIRMWARE

10 C VERSION

11 C NUMBER FOR THE TERMINAL (AND ALSO THE PIRMWARE VERSION NUMBER POR ONE

12 C ADDITIONAL OPTION, IF REQUESTED).

13 C

14 C PAILAMETERS:

IS C

16 C MIT - THE LOGICAL UNIT & OF THE TERMINAL POR 110 PURPOSES

17 C P1RPM - THE INTEGER CONTAINING THE TERM TYPE (I.. 4125")

14 C NU.PL.ANIS - THE ACTUAL * OF IT PLANES IN THE TERMINAL. ETURNS

19 C NUM.J.ANES-1 IF CANNOT DETWEMNE THE. PRJSE1Nr)

30 C TOTM1EM - TOTAL AMOUNT OF MEMORY INSTALIED IN THE TERMINAL(I BYTrS)

21 C PREEMEM - MEMORY PRESENTLY AVAILABLE FOR USE (K BYTES)

22 C IVEUSION - VERSION NUMBER OF THE STANDARD FIRMWARE IN THE TERMINAL

23 C OFTJUM o AN OPTIONAL FIRMWARE VERSION NUMBER REQUEST(0-NO REQUEST)

24 COPlr.JNPO THE RETURNED VALUE PROM OPLr.NUM CALL ABOVE

25 C

is C

27 CHARACTER E 1,VERS*N3.OP'TNUM2,OPTJNFPO'3

as CHARACTER A-0A ATERM3,1PI

29 INTEGER TOTMEM,RE.MEMOPT22,OPT3

30 C

31 C

32 C

33 E-CHARM27) 9 ESCAPE CHARACTER

34

3s C THE IOLLOWING WLL DETERMINE I THE TERM IS A 71K GRAPHICS TERMINAL

36
37 wIrU,)E./P0 f PUT TERMINAL INTO TEK MODE

38 WRWE(.,rLj0 I MAKE DIALOG AREA INVISIBLE

39 WRITEr Wl Qr ! GET THE TERMINAL TYPE

41 5 KEAD(r,EIE-S)A

42

43 IP(A.EQ." GOTO 100 1 USER HIT <CR>, SO NOT A TE TERM.

44 VIA(1 2).NE.Tr)OTO 100 ! INCORRECT TERMINAL RSPON
45

4 lADD - ICHAR(A:3)) # 32

47 IADDI - X4AR(A(44)) # 32

40

* AlUM-Api)

31 CALL DRCOO1(ATERM.ITERM) I CONVERT TER CHAR COX TO INlTGER
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52

3

34

55 PWflERMEQ4111YTHEN I - POR 4111 TERMINAL ONLY -

36

57 wuWRJQ17 I TOTAL MEMORY(s OP 16 BYTE BLOCKS)

56 10 IMAD(w.1,ERI-1o)A I(4111 OPT 2C, PAGED MEMORY)

39

60

61 ATERM-APS)

62

63 CALL OECODE(ATERM.TOT-.MEM) ! CONVERT TEK CHAR CODE TO INTEGE

65

66 ATERMw-A(6.1)

67 CALL DECODE4ATERMFUEEEM) ICONVERT TEC CHAR CODE TO INTEGER

69 ELSE I -ALL 07HER TERMINALS-

70

71 wkwIWnoQ~h

72

73 aD RIEADe,1,ER-2o)A

74

73 A1ERM-A(35)

76

77 CALL DECODE(ATERM.TOr-MEM) I CONVERT TEK CHAR CODE TO INTEGER

73

79 ATERM-A(&g0)

s0 CALL DECOMEATERM.PREEjw4EM) ' CONVERT TEK CHAR CODE TO INTEGER

$1

82 1 IN KB

83 END W

34

as WDffE(,W)EW~ I GET THE STD FIRMWARE VERSION

66 3AD(,1.ERX-30)A

* 30 VERSM-AQ:3

g0 CALL DECODE(VERSION,IVERSIO) ! CONVIERT TEK CHAR CODE TO INTEGER

91

92

93 NW~fERM. EQ 4115 oR.fIm.EQ.4129.OR.fERM.EQ.4128

94 .OtITfERM EQ 4225 OR.ITERM.EQ.4236)THEN

96 WRmr.)wn022 I GET ThE on=2 INFO

97 40 READC.,1ERR-40

94 CALL DECODE(AP3)UOFT22 I CONVERT TEK CHAR CODE TO INTEER

100

101 wmW"nQ23 I GET THE 0PT2 INFO

102 so ltEAD(-,l,ERR-30W

10

1m CALL DECOMUA03).0R23 I CONVERT TEK CHAR CODE TO INTECER

10
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106 IP(OT22.EQ-0.AND.OT23.EQ. )THDEN

107 NUMhPLANES-6

109 ELSE

109 NUlPlANB-4

110 END I

III
112

112 ELSE

113 NUMCANS-4

114 END IP

115

116 COTO 1000 IDONE. SOEXI

117

118 100 CONTINUE !NOT A TEK TERMINAL SO fTf

119

128 flERM- 0

121 NUM.JLANES - -i

122

123 C

124

125 1 PORMAT(A20)

126

127 1000 CONTINUE

128 RETURN

129 END
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AIV.27 Analog APSD Software Modules: TIME4 Source Code.

1 SUROUON .4EDU".TWUPM

2

3 C

4 C SUBROUTINE TOWGE AN ASCII STRING Wfl HE4 DATE AND 111.4

5 C

6

7 CHARACTER19 DSJ

a C4ABACITEIW
9

10 CALL DAE(DJBU)
11 CALL ThEMPUPF)

12

13 RETURN

14 END
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AIV.28 Analog APSD Software Modules: TWAIT Source Code.

I SUUOUTINE TWAIT(IVflM)

2 C

3 C SUBRO'TINE TO WAIT POR WlM TENTHS OF A SECOND AND THEN RETURN

4 C

5 C AiNE A. JOHNSON, 21 APRIL a

6 C

7 REAL TIoM1.WTIMTh41

S mm-I

9 FLAG-0

10 C

11 C TIME DELAY LOOP (POR 1Wfm" TENTHS OF A SECOND)

12 C

13 n(ITIM.EQ.O)GOTO I00

14

15

16 100 CONTINUE

17 IPLAG-IPLAGI

Is lMEI -SEC',DS(0.0)

19 PWTlM-PLOATPM)

20 TMIN-PwTTMfo.

21

22 50 CONTINUE

23

24 DO 55 M-1,20 'MEANINGLESS CALC. TO TAKE UP TTME

23 MM-%hlo+MM

26 55 CONTINUE

27

28 DELTA-SECNDS(TM1Ei)

29 C WRrTE(.,*)DELTA

30 ip (DELTA.LT.TM) GO TO 50

31 c CLOWE~)

32

33 10W0 RETURN

34 END

35
36

37 5

38 SUOIOUTINE TWAIT~iwr)

39 C
40 C SUROURIFE TO WAIT POR lWTlM'TENTHS OP A SECOND AND THEN RETURN

41 C

42 REAL 11Mt1,lPWT1M.TWIp.

43 MM-I

4 IPLAG-0

45 C

46 C TME DELAY LOOP (POIt TIWlM TENTHS Of A SECOND)

47 C

U '(WI~Em.EQ.0)GOTO 10

51 100 CONTINUE
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5.2 WIAG-IFLAC+I

53 T1141 -SEO'JDS6.0)

54 PWTIM-FLOAT(IW1M)

55 Th4N-PwItno.

57 50 CONTINUE

so
5o DO 55 M-1,20 MEANINGLESS CALC. TO TAKE UP liME
60 MM-MI0,MM

61 55 CONTINUE

62

63 DELTA-SECNDS1Tal)

"4 C WRrrE(,*DELTA

63 IF (DELTA.L.T.Th4IN) GO TO 50

66 c CLOSE(1)

67

68 1000 RETURN

69 END
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AIV.29 Analog APSD Software Modules: V45 Source Code.

I SUBROUTINE V45HOTSNUSE.ICNT,,SAMPRINCR.RARM.REND

2 .ANGLESTP)

3

4 C

S C THI MOD CAPUtRES THE DATA FOR THE POLARIZERS IN POSITION

6 C VERnCAI43 dog. TWO ARRAYS ARE USED TO SAVE THE DATA.

7 C IWAY - 6 A SEQUENIAL ARRAY STORJNINC ALL THE DATA RECEIVED PROM

a C THE AID CONVERTER THRU THE ENTIRE ROTATION OF THE SAMPLE.

9 C

10 C ERAY - 5 A REPRESENTATION OP THE ENI1RE MATRIX. NINE ELEMENTS

11 C WILL BE PASSED IN PROM THE AI) CONVERTER OP WHICH ONLY 3 WI"L

12 C BE NEW. TiEY ARE: (9,10,12) PROM THE 1,2.4,9,10,1213,14,16.

13 C GAPS WILL E LET I2 THE ARRAY TO BE PILED IN BY THE OTHER

14 C TWO POSSIBLE POLARIZER SETTINGS.

15 C

16

17

18 CHARACTER SAMP2O.MSGSOM G255,DIS7'10,HEx4

19 CHARACTER CHAN2.PORTr10

21 REAL RDATARAY,BIRAYCRAY.DRAYERAYRINCIREND, ANCLERA RM

22

23 INTEGER STP,ICHGREPORTTYPE,GETDAT

24

25 DIMENSION GETDAT(16),RDAT(16),J1(3),HEX(16)

26
2 COMMON "ATRhDARAY(W),BRAY(3O),CRAY(360),DRAY0),

28 .ERLAY(3800)

29

30 DATA 11 J9,10,121 I NEW MATRIX ARRAY ELEMENIS

31

32 SWEEP - 2 ! FLAG THAT THIS I5 2ND SWEEP

33 1 OP THE POLARIZER

34 C

35 C THIS MOVES THE POLARIZERS TO THE PROPER POSITION:

36 C RECEIVER POLARIZER( AXIS 3) MOVES -.f000 STEPS OR .45 DEGREES

37 C

38

39 WRTTE((A4YYl)Qo I RESET CUMM POSITION COUNTER

40 CALL TWAIT(l)

41

42 WRffE3.'(A3$f)'3FS 3STI 3VI0 3AI0 30-220 3C1 C"

43

45

46 CALL TWATT(1)

47

48 WrfTE.'(Am)*T0

4 CALL TWAT(1)

so WRflEF1'(A13flPS ISTI 1H'

51
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52 USEI - 0

33 C

54 C HE B GINS THE LOOP WHERE SAMPLE DATA S TAKEN AND STORED

55 C

54

57 DO 2D0 M - 1,1SHOTS I LOOP TIHRU THE SAMPLE ROTATION

se

59 C

G0 C HERE 5 V R TH1E AD CONVERTER S ASKED FOR TIHE DATA

61 C

62

63

64 C CALL TESDAT(SWEEP,ANGLE.RDAT)

S 65

4 ICI - 11

67 TYPE- 3

U CALL DATEL.1YPE.REPORT.PORTIC1 .CHAN.RDAT.HEX)

70 C

71 C HERE EACH ARRAY S SELECTED. WRITtEN TO AND INCREMENED

72 c

73

74 DO 100 1 - 10,1.-1

75 DRAY(IS) - RDATI) I STORE THE 10 ARRAY ELEMENiS

76 S -- I I ARAY SEQUENTIAL COUNTER

77 100 CONTINUE

78

79
so c.

81 C HERE ONLY TREE ELEMENTS OF THE ERAY MATRIX ARE NEW. THEY ARE

42 C ELEMENTS 9,10,12. 1HEY ARE STORED IN THE RDAT ARRAY IN POSITIONS

43 C 4,5,6 RESFECIVELY. I USE nl TO SET THE CORRECT SEQULENCE.

54 C

Is

6 1 - 3 START PT IN RDAT ARRAY

47 DO 150 1- 1,13 ! LOOPTHRU THE 3 NEW ELEMENTS

* K - 1() + ICNT I SELECT CORRECT ARRAY ELEMENT

s9 ERAY(1) - RDAT(I + I1) ! PLACE MATRIX DATA IN ERAY

90 1SO CONTNUE

91

92 C

93 C TH5 OUTPLlU THE DATA EITHER BY CRAPHICS OR AID VOLTAGES OR NONE

94 C AT ALL DEPEND0G ON THE FLAG STP.

C

96

Ab 7 PirS.EQ.-1)Tm. REAL TIME TEK GRAPHCS

99f CALL DRAW. WE(SWEEPANGE.RARMRINCRREND,RDATINUSEI)

100 G47FO 160
101 4

103 STP.EQ)GOTO 140 1 NO OUTIUT

104

me CALL VIEW(SAMPANGLE.IS,STPIDIR)
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106

107 1 0 W0.EQ.SHOI5)COTO 200

109 ANGLE - ANGLE - RINCIL NEW SAMPLE ANGLE

110
111 K4T-ICN T - .16 1 DECREfENT THE ARRAY BY 16

112

113

114 C

115

116 WRfE'r.'(A9fIG 1X1 C'

117 READ,'(AWOy,ERI - 200)MESGO.M)

114 CALL lWArr(!)

119 READ(ME5G(1t ='lN,Ny,ERI - 200)MO'TrON

!13D IKG - MOTION - MKW

121 MUP - MOTION

122 170 PORMAT(SX,k,1OX," ACCUMULATED MOTION: ',19.
123 RELAThVE MOTION: '19J)

124 v WRfr,170)M,MOTION,KNG

125 WRTT-3,(A4fl"1PS•

126 CALL TWAIT0)
127 200 CONTIN I LOOP THRU ROTATIONS

138

129 C
130 C AT THI POINT THE DATA COLLECTION FOR POLARIZERS POSmONED AT
131 C VRTMlCA]L4S des 5 COMPLETE. WE NOW RETURN TO THE CALLER
132 C WHERE THE NEXT POLARIMR SETTING W ,LL BE MADE AND THE SAMPLE WILL
133 C BE RETURNED TO THE START POSmON.

134 C

135

136 WPrI1E(3,'(ASyyISTo DEENIERGIZE SAMPLE MOTOR

137

134 400 RETURN

139 END
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AIV.30 Analog APSD Software modules: VIEW Source code.

I SUMOUTM4 VIEW(SAMF.ANGIS.STPIDIR)

2

3 C

4 C THIS ROUTINE IRINGS ALL THE ARRAY DATA TO THE SCREEN POR EACH

5 C ANGLE THAT DATA 15 TAIMN POR. THE REASON 5 TO BE ABLE TO COMPARE

6 C THE MATRIX DATA AS THRU THE POUR POLARIZER CHANCES.

7 C

CHOARACTER SAMP320

10 REAL A,3.C.DE..POS

011 RaTEGR ST

12 COMMON IATRIXA(1600).3(1600).C(1600),D(1600),E(300)

13

14 10 PORMAT (13XK/ANGLE .P72,25X,.SAMPL -'A20,h1)

1S 2D POtMAT(4,/,X.',.?l4,&X-,7X4N6X.

16 .XEX.'4514S)

17 3D PORMATMC0-)

18 40 PORMAT(4x.I4,4X. P7.3,3(5X.,5XP7.5))

19 60 PORMAT(10X.RE~TURN - CONT. <99> - DONT PAUSE,

20 .100 >- NO V-WI

21 P-000

22

23 C

24 C THE DATA SENT TO THE SCREEN 5 DEPENDENT ON THE DIRECTION 0f THE

25 C SCAN OF THE LASER. IF THE SAMPLE 5 GOING PROM LEFT TO RIGHT THEN

26 C I SUNTRACT 9 PROM THE DATA ARRAY COUNTER. O07EWISE ITS OK THE

27 C WAYIT S.

28 C

29

30 W(IIREQ.1)5-is- 9

31

32 C

33 C HERE THE ENTIRE SCREEN 15 WRITTEN TOO WITH POUR PIELDS SERVING

34 C AS THE POUR ARRAYS. 5 - THE START OF THE MATRIX P04. THE

35 C ANGLE SHOWING WHICH INCLUDES 16 ARRAY PIELDS.

36 C

37

3B 50 WRrIII(l0)06SAMP

39 WREm

40 WRITE(,30)

41

42 WWUtE,40)1,A(1 + ISM( + I5).C(I 4 15)D(1 +5)

443 WUITr(.40)A(2 4 5)63P + IS).P

44 WMflI!4W3PC(2 4 5).D(2 +.5)

45 WPRI,40)4Ap) + %9 + 1C(3 4 ).D(3 45)

46 W~RflE,4W.SA(4 + 15)AFC44 % )P

47 WRITECAM0) * %)FP
46 WUE(.40)P.P.(5 + 5),P

41 WITE(40)SA + 5).PC* + SO.

so W510A,PfU(4 + %)P.D(4 .56)

31 WRIIT40)10.PSE 4 S)FP
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w2 WRfrR.40)1,..P.D3 4 15)33 WW ,4ILt1% ,P + IS)53 WS~t ,40)I3(. 4 5.D( .

54 WRlPe,4)3.,' + 5)J(7 + 15),47, C 5),D(7 + 5)

55 WFRITECAO)14.A48 +535 ISOM FNA
36 WuITEC.4o)15,F.CP + ).D( + 5)

57 WUEr(,40)16,A(9 + 5)9 IS),C(9. +S).D(9 + IS)

so
SC

G0 C THAT COMPLETES THE MATRIX VIEW HERE IM ADDING A READ STMT SO
61 C THE USER CAN OPT TO SEE HOW THE DATA 1S COMMING N. IF < 99 >

42 C 5 TYPED TM READ WILL E SIOPPED.

43 C STP 6 THE STOP FLAG. AS LONG AS ITS 2 THEN THE DATA WILL IE

64 C WRITN EVERY 7hAE. F < 99 9> 5 ISSUED THEN THE DATA WILL BE

65 C WRIIr BUTtE S'P WONT STOP. IF < 100 > 5 ISSUED THEN STIP

" C WILL NOTIFY THE CALLER NOT TO CALL TM SUBROUTINE. rM LEAVING
67 C AN OPTION FO) SIP TO BE RESET TO ZERO BY THE CALLER(Ist LINE BELOW)
Ga C

49

70 N"TS.EQ.2)INUSE - 0

71 W(INUSE.EQ.0)THEN

72 WURTE A0)

73 READf.'(A5))STP

74 PISTP.EQ.99)INUSE - t

75 ENDIF

77

S BIDIM.EQ.1) - 5 +9

79 RETURN

w0 END

-322-



Appendix IV

AV.31 Analog APSD Software Modules: VV Source Code.

I SUUOUTI4E Wo rINUSE.,,SAMPINCKIRARM,REND,

2 .ANGIESTPPOET

3

4 C

5 C IS MOD CAPTURES THE DATA POR THE POLARIZERS IN POSON

6 C VERI1CAtWRTICAL TWO ARRAYS ARE USED TO SAVE THE DATA.

417 C ARAY - S A SEQUMIAL ARRAY STORINING ALL THE DATA RECIVED PROM

g C THE AD Cj)NVER1U THRU THE ENTIRE ROTATION OP THE SAMPLE.

9 C

10 C ERAY - S A REPRESENTATION OF THE ENTIRE MATRI . ONLY NINE

11 C ELEMENTS WILL EFIlLED IN TIS ARRAY WITH THE OPTICS IN TIS

12 C POSITION POE EACH LASER SHOT. THEY ARE: 1.2.4,3,6,8,13,14,16.

13 C GAPS WILL K LEFT IN THE ARRAY TO BE FILLED IN BY THE OTHIER

14 C THREE POSSILE POLARIER SETTINGS.

is C FEWER ELEMENTS WILL E COLLECTED ON SUCCEDtNG SWEEPS O THE

16 C GONIOMETER ARM.

17 C

18

19

30 CHARACTER STR9oGE7DAT4.CR.SAMP,.A80o rDS10

21 CHARACTER MESG5q25.MSC8o.PORr10.HEX*4

22 CHARACTER CHANZCHANNEI*2

23

24

25 REAL RDATARAY.BRAYoCIlAYDRAY.ERAY.RARM.ANGLFAINCRINC.REND

26

2 INTEGE POS,STP, MOUT.REPORT TYPE

2 *J'EGER4 LENGTH.TIMEOUTICNG

29

30 DIMENSON GETDAT(16)6(nRDAT(16)HEX(16)

31

32 COMMON JMATR/ARAYO ),UEAYO0).CIlAY(401,DRAYO0))

33 .RAY0S80)

34

38 DATA J i,2,4.,A.813,14.11 ! MAIX ARRAY ELEENTS

37 SWEEP - 1 ! FLAG THAT TIS 5 tST SWEEP

36 ANGLE - RARM 9 ANGLE - START POSITION OP SAMP

30

4a C

41 C ILISE 5 PASSED IN AS ZERO EVERY TIME A NEW LASER IS ENABLED

42 C SO THAT ALL THE CCUNTERS OF THE ARRAYS ARE CORRECT

43 C

44

45 Pomm.uSlQ.@00HEN I ?NTnALIZE VARIALES

46 w4U5 - I FLAG NOT TO COME BACK

47 Km -0 1 I1 ELEMENT ARRAY COUNTER

* IS -0 9 SEQUENT1AL ARAY COUNTER

I C
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32 C THIS INVIALE THE SAMILE STAGE MOVEMENT OF VELOCITY
3 C ACCELERATION, AND DISTANCE.

34

55

34 INJC - 311CR * 3M0. 1I 151THE ANGLE IN.CREMENT

37 IR- NU(INC)

33 NUMBER - o

DO so I1- 110

41 F(RdCILLT.NUMME)GOTO 6o

62 Numm3 - mum=E * 1o

63 30 CONTINUE

65 C

46 C IM USING TH4S TO CLEAR THEK READ) BUPPER

67 C

'3 C PORT - XA2'

70 60 LENGTH -25m

71

72 iTEOUT -1i

73

74 CALL READ..Q4(RTMESC.LENGTI1MEOUT5r.POUTnCANNEIUS)

75

76 C

77

73 WWMlKO(A4)71X0 I RESET CUMM POSITION O'JT
79

w CALL MIXOIRDIST)

81

32 IN'CR.LT.10000)11EN

3 WfflI.'(A27yyPS ISrl IVIO 1A10 1lSVT(I:IyV

34 ELSE

Is WlRTSP.'(A23)7ipS 1511 IVIC lWl.AMDTij:IyII

W C WRITE(C(A23)7lST1 IVIO O l D'UDXST(1:IY/'

go CALL TWAIT(30

92 "JUsti - 2 INMrIALIM TEK DRAw FLAG

'3

94 C

U C HERE BEGINS 114K LOOP WHERE SAMPLE DATA 5 TAKEN AND STORED

96 C

97

is 0O wo - I.sHOP 'LOOP THU 114 SAMnl ROTATION

te c

10 C HERE 8 WHERE THEK AMD CONVERTtR 5 ASKCED POR 114K DATA

HI C

118 C CALL 1U1DAT(ISWUPAN=ItDAI)
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107 -I-

109 TYPE - 3 : ST7OE THE A/D BOARD

10o CALL DAE1UTYPLREPORTPOTICH AN,DATHE)

110 !ET HEX DATA FROM A/JD BOARD

III

112 C

113 C HERE EACH ARRAY S SELECTED. WRlTTEN TO AND INCRAI9MED

114 C

115

116 DO 100 1- 1,10

117 6-15+1 1 AIAY SEQUErTAL COUNTER

11 AIAY(IS) - RDAT(I) ! STORE THE 10 ARRAY ELEM1ENTS

119 K - I() * KT I SELECT CORRECT ARRAY ELEMENT

120 1(.EQ.10)GOTO 100 1 DO NOT STORE TiE LAST DC ELE.

121 ERAY(K) - RDAT() I PLACE MATIX DATA IN ERAY

122 100 CONTINUE

123

124 C

12S C TM PART DIPLAYS OUTPUT IN EITER A/D VOLTAGES OR GRAPHICS

126 C THE CALLER WILL DEFINE STP AS 1 FOR GRAPMiCS, 2 POR AID VOLTAGE

127 C OI 3 NOT YET DEFINED.

128 C

129

130 (STP.EQ.t)THEN 9 USER WANTS REAL GRAPHICS

131

132 CALL DRAWJ .EIPANGLERARM,.CRRENDRDATIUS1)

133 COTO 150

134

135 ENDIF

136
137 W(STP.EQ.3.)COTO 150 ! SKIP VIEW FLAG

138
139 CALL VlkW(SAMPANGLE.IS,STPID0)

140

141 C

142

143

144 10 d.-EQ..SHOTS)GOTO 300 ! DO NOT MOVE SAMPLE ON LAST SHOT

145

146 ANGLE - ANGLE * RANCR INCREMENT ANGLE OF SAMPLE
147

143 ONT - I. +T 16 INCREMENT THE ARRAY BY 16

149

15 C

152 WRflp:,(AWI7C IXIC

153

154 RAD.(A0)1RR-l)MESGC I:

136 D wUTE(,*t, MESG( O)" - .,MESG(1:50)
IS

Igo CALL TWArrI)
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160 3EAD(MIW4GO4Z).iUNRX.ERR - 2O)MOTION

161

162 ICNG - MOTION -IIUF

163 mmJ - MOTION
164

16 160 PORMAT(MX10X." ACCUMULATED MO1ION: ',19,

166 ." AIVE MOTION: ',1W/I)

167

166 D WIUTW160MMOTIONIXNG

169 WITU.*(A4Y1IPS"

170 CALL TWAIT(1)

171

172 C 4

173

174 00 CONI'IUE I LOOP T14RU ROTATIONS

175

176 C

177 C AT 1.S POINT THE DATA COLLECTION POR POLARMERS POSITIONED AT

175 C VEKTICAWER7CAL S COMPLETE. WE NOW RETURN TO THE CALLER

179 C WHIME THE NEXT POLARIZER SETr"hG WILL BE MADE AND THE SAMPLE WILL

10 C BE ROTATED IN REVERSE.

161 C

182

183 WR1TE.'(A3)7ST0' DM1ERGIZE SAMPLE STAGE

164

1M 400 RETURN

I" END
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A1V.32 Analog APSD Software Modules: YHI Source Code.

I SUBROUTINE YHI(AkXYKwrI

2

3 C

4 C THIS MOD CHANGES PACKED TEK 4957 CODES TO THEIR X,Y EQUIV.

5 C WHEN A GIN DEVICE IS ACTIVATED rr SENDS TO THE HOST A 6 OR 12

6 C CHARACTER LENGTH STING.J. THE FIRST CHARACTER IS A NUMBER OR

7 C CHARACTER REPRESENTING THE KEY ORt BUTTON PRESSED. AS A MOUSE HAS

& C THREE BUTTONS THE MIST CHARACTER WOULD BEA 1,.2 OR 3.

9 C THE NEXT 5 CHARACER ARE THE X.Y SCREEN COORDINATES.

10 C THIS ROUTINE PARSES THE FIRST SIX CHARACTERS THE FIRST 5

I1I C RETIUNED IN BUTT AND THE X,Y ARE RETURNED AS INTEGERS.

12 C IT 5 INTERRESTING TO NOTE THAT THE FIVE CHARACTER STRING

13 C THAT REPRESENTS X.Y CANNOT BEUSED DIRECTLY IN OTHER COMMANDS.

14 C THE LOCA71ONS WOULD NOT BE THE SAME. SO THE RETURNED X.Y THEN

i5 C HAS TO BE PASSED BACK THRU HWY. THUS THE NAME OF THIS ROUTINE

16 C 5 THE MIRROR OF HY... YHI.

17 C THE MULTIPLICATIONS ARE FOR BIT SHIFTING

18 C

19 C

20

21 CHARACTER 16 A,$UrT1

22 tflEGERXY

23

24

25 SUTT-A(1:1) I THIS 6 USUALLY THE THE BUITON NUMBER

26 X-(ICHAR(A(5.))32 1 128 + (ICHAR(A(6:6))-32r4

27 S + MOD(ICHAR(A(3:3)).4)

2B Y-IXAR(A(:2))32) * 128 4 (ICHAR(A(4:4)).32r4

29 S + MOD((ICHA4(A(33)YV4).4)

20 RETURN

31 ED
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APPENDIX V: RETRO/DISPLAY USER GUIDES AND SOURCE CODES.

RETRO/DISPLAY are numeric and graphic implementations of Full-Wave electromagnetic
scattering theory. The theory was developed by Professor Ezekiel Bahar at the University of
Nebraska-Lincoln. The reader is advised to read publications 30-34 listed in the Literature
Cited section for details about this theory. Equations notated [A; B] imply that A is the Litera-
ture Cited reference number, and B the page number from that reference. The Ful Wave code
was written for a CRAY supercomputer operating under UNIX UNICOS.

AV.1 INPUT FILES.
Two input files are needed by RETRO. The first is "params 1," which is used in every run
and contains filenames, surface information, and integration routine controls. The second
"dielectric's input" file contains information to determine the material's relative dielectric con-
stant, f, as a function of wavelength, -0.

AV.1.1 "params."

The following information, in order, is stored in file "params": filename for commen-
tary output, filename for data output, a 13 character description of the surface material,
desired mean squared heights, mean squared slopes, radiation wavelengths, incident
angles, code for getting e, data, and the error requirements for IMSL integration rou-
tines, QDAG and TWODQ. An example of a correctly edited file is shown at the end
of this guide. The line by line format is as follows:

A - filename for commentary output (up to 13 characters)
B - filename for data output (up to 13 characters)
C - description of surface material (up to 13 characters)
D - no. of <h 2>'s, min(<h 2>), step(<h 2>) in .zm2 (integer,real,real)
E - lines E through F exist only if the no. of <h2>'s < 0

F - here the min and step values are ignored in favor of reading
in a list of <h 2> values separated by spaces

G - no. of o'r's, min(cry), step(cri) (integer,real,real)
H - same as for <h 2>'s
I-
J - no. of X0's, min(Xo), step 0 ) in jLm (integer,real,real)
K - same as for <h2>'s
L -

M - no. of 00's, min( 0o), step(O0) in degrees (intgerreal,real)
N - same as for <h 2>'s
0-
P - A code for determining e, values (integer = 0 or 1)
Q - if the code on line P is 1 then the relative dielectric is put here (complex)

- otherwise the filename containing the Er's is here (up to 13 characters)
R - absolute and relative error criteria for QDAG (real,real)
S - absolute and relative error criteria for TWODQ (real,real)

The data on lines A,B,C,D,G,J,M,P,Q,R, and S must appear in "params." The data
listed on lines E,F,H,I,KL,N, and 0 may or may not be needed, depending on the
sign of the first number on lines D,G,J, and M.
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AV.1.2 Dielectrics Input File.

This file passes RERO the information to calculate F, =r (k0 ). The filename is passed
on line Q in the above format. The usual form of dielectric filenames is
"material.nk," where "material" is a singular name for the substance making up the
surface. The ".nk" implies that the real and imaginary part of the relative index of
refraction, nr = n + ik, where n = n(k0) and k = k(k 0), is passed instead of e, = nr 2.
The data is stored this way because n and k values are easier to find in tables.
The format for "material.nk" is as follows:

A - the number of wavelengths in list, m (integer)
B - ,0(1), n(1),k(1) (real,real,real)

Z - K0(m), n(m), k(m) (real,real,real)

where X0(l) < k0(l+1). Also, for the interpolation routine to work, m > 6. A sample
file is shown at the end of this guide.

AV.2 OUTPUT FILES.

Two output files are created by RETRO, a commentary output and the data output.
These filenames are defined on lines A and B of "params." The commentary file is pri-
marily a debugging tool should something go wrong. The computed matrices and a
header block are put in the data file.

The commentary output file is opened as unit 8 in RETRO. Unit 8 is then sent various
values for tracing and debugging the program. The file becomes important if unknown
run-time errors occur. Most of the write statements to unit 8 have been commented out,
but they can be reinstated by editing RETRO and changing some "c"'s to blanks. During
normal operation, the only significant information sent to this file is the list of f,'s for
each K0's after interpolation from the dielectric file. DISPLAY does not access this file for
plotting.

AV.2.1 Data Output File.

This file contains two distinct sections: the heading block and the data block. The head-
ing block is the key to finding the elements of Mueller matrix, F(<h 2>,},X0 ,8o). The for-
mat of the heading block is as follows :

A - description of material ("params" line C)
B - no. of <h2>'s, ae's, k.'s, and 00's ( "params" lines D,G,J, and M)
C - <h2>(1)... <h 2>(no. of <h 2>'s) ( "params" line D or lines E and F)
D - al(1) ... ri(no. of a2's) ( "params" line G or lines H and I)
E - k0(1) . . . X0(no. of k0's) ("params" line J or lines K and L)
F - 00(1) ... 00(no. of 00's) ( "params" line M or lines N and 0)

The data block consists of two data lines per matrix. The first line contains three Q
values corresponding to the auto-correlation functions Gaussian, N=8, and N=6. The
second line contains six generally non-zero matrix elements divided by Q. In order,
these correspond to f 1, f12, f2, f3, f4, and f4. RETRO does not write f21 w f12 or
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f43 - -f34. The other 8 matrix elements are zero.

RETRO calculates and writes the matrix data in a nested loop where <h 2 > varies more
slowly than aly, which varies more slowly than X0, which varies more slowly than 60.
The looping of each variable goes from the first value to the last value listed in the
header (lines C to F). Given this information, DISPLAY can access any of the F's in the
file.

AV.3 RUNNING INSTRUCTIONS.

RETRO is ready for execution after the input file "params" has been properly edited
and the dielectric file for the surface material has been loaded. There are two ways of
running the program, and the preferred method is based on how many matrices must
be calculated. The number of Mueller matrices calculated is the number of <h 2>'s
times the number of crs's times the number of X0's times the number of 00's. A short
run is considered less than 100 matrix elements.

AV.3.1 Short Interactive Runs.

Runs that calculate less than 100 Mueller matrices can be done interactively by typing
"retro.run" after the prompt. This command will compile, link, and execute the pro-
gram using the data provided in file "params." This executable code is stored in file
"retro.xqt." If you desire to run the program again at the same login after changing
"params," you need only type "retro.xqt" after the prompt. This should be done
instead of "retro.run" to prevent unnecessary compiling and linking. Finally, before
exiting, you should remove "retro.xqt." The object file "retro.o" was removed by
"retro.run" immediately following the linking procedure.

AV.3.2 Long Batch Runs.

For longer runs, a job needs to be submitted to a batch queue. For runs of less than
2000 matrices, type "qsub -eo -q small2 examp." If the number of matrices is greater
than 2000, replace "small2" with "large2" in the previous string. Immediately after the
submit command, the computer returns the job's assignment number, N. Write this
down, and if you discover an error in "params" while the job is still running you can
stop it by giving the command "qdel -k N," where N is the assignment number.

Files "exampl" and "examp2" are the run streams for the batched job. Only one run
stream named "exampl" is allowed in the batch queue at a time. However, it is possi-
ble to have more than one batch job running at a time if copies of exampl are submit-
ted in exactly the same way. The file "params" is read soon after the submit com-
mand, so it can be edited and the next job submitted while the first is still active. The
same comments about removing "retro.xqt" apply here as in the previous section.
When a batch job is finished, an additional output file is created under the name
exampl.oN, where N is defined as before. This is the job accounting report for the
run, that includes the job's user time, system time, and billing units. For a complete
description see the Cray manual's "jar" (job accounting report generation) command. A
good idea is to append this accounting report to the commentary file created by the
run. This is the file named on line B of "params."
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AV.4 RELATIONSHIP OF PROGRAM VARIABLES TO THEORY.

The following is a break down of the various theoretical parameters followed by the
relationship of program variables to these values. See reference 26 for further explana-
tion.

AV.4.1 Computing Q:

22

Q'= 21rf(x2(rd)- I x 1 2 )Jo(vr )rd drd
0

X2 = eXp (v2<h2>(1-rhh'))

vy = 2kocos (00)

rhh = rhh(rd)

X 12 = eXp(_v32<h2 >)

vz= I 2kosin(Oo) I

QSQ
KOSQ= k2
PI=if
RD a-
QPRME- Q'
CH1U2 - X2

VYSQH v2 <h2>
yVY = V y

HMSQ = >
KO0- ko

THETA o
CSTHT= cos (00)
SNTIT = sin (0o)
RRSURF(RD) - rh((r )
CISQ . IXI 2

jSUBO 0 (v, Tj)
VXZ,, V,,

AV.4.2 Computing rm,.
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For the Gaussian auto-correlation function:

rhh(rd )= exp (7 )
IC

For the N=8 auto-correlation function:

rhh*(rd) =K(Q t2 +-"Q ([3;5]

32 + 30722 4 9

a <h2>

For the N=6 auto-correlation function:

1 4 -96 {1(0 [2 16 12°(

0
CrdK 6  K6 <h2>

CLENSQ -t2
R a, C1
RSQ -C2
R4TH = C4

R6TH - C6
KAPPA8 = KO
HMS .<h2>
SIGS - cri
KAPPA6 - K6

AV.4.3 Computing crit/Q:

' z f f. D iD  " P2  Ps dh dh
Q(n'a) ([32,731-7321)
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P2(h,,) 1 U (cotan (6c))1+Co

1O vr a (Oep( cotan2( 0  - 1f cotan (00))

Ps (h. h x ),
irari

IDD =r

DPQMAG = Dij D kI

P2 2

HZ =z

COWl cotan (00)
FACr=-~~

1 +C0

SIGSRT -V-

R cotan (00)

V,0,7 (in function ARGIDD only)

F1 -exp(- ctn29)

F2 =ef ctal(00)

CO - C0
FHXCHZ PS
HXZSQ 2 + h 2

X 2

AV.4.4 Computing Diq D k

2cos(y) (131;4461)

-i-the angle between a;- and the normnal to the local scatter plane, ni.
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rDI1, PQ -VV

JP D12, PQ - VH
D =jD 21. PQ =HV

ID"', PQ -HH

D =cos(OC")TFT

Oo the angle between the incident direction and ii.

T cos ('f) sin ,P ([1441

10 the angle between the reference and local planes of incidence.

CSG - cos (y) F FVFH

DPQ(i,j) - D1
CSON - cos (00")

SNON - sin (O-)

CSSI - os

SNSUI - sin(4,)

CFVV - wsog )v

CFHH - co (00")F""

AV.4.5 Computing F'v and FHN:

4. (P'rCOS2 (81) -Sin2(el))(1~I_ )+ (1_Ar)
Fvvz ([31;4461)

(cos(Os') + ,Cos (O9))2
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(,E, COS2(0' -Sin
2(9.))(1-- +(1)

F HH z

(Cos 0O) + -- Cos (I)

ILO

NA N

sin (01m) =sin (00")
n.

ER -=f

UJR = r

ETAR

ERMt1a~

URMa

ERMR = -~

URMR -

SNIN a sin (Or")
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CS1N - cos (e11)

DEN2 • cos (es) + TI,,s (os')

DEN3 cos (O0) + 1---cos (0 )
7r

SOF - sinz(e5)

ClIF - cos2(01,)
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AV.5 RETRO SOURCE CODE.

1 C

2 c This work was dam for the CRDEC on dhe Aberdeen Proving Grounds

3 c fdpWood Are.

4 c TisW work wans dos by Craig M. Hitrainger uender cnact SSMQM5.

: c This porp.t umn the PI-wave Theery for onmputing the salring

7 c of a ph.. wave howrn a sady rough madamo.

9 C This program is hor SW4CLE mtr from an BOTROPIC rough murface.

10 c TIs@ progrm is hr BACKSCATIMER only.

I1I c Tisb pop.. is hor DWPLISE go" ra ny. I
12 c

13 c Single msw implies lhe ifleftd radition struck the rough

14 c umba only ow die and that nmitip acawsring is umcaounied hor.

15 c An istopic: madm- is considered to invariant to rotation and translation

16 c ha terow of the average, scausering.

17 c Sackamer ieplinadv receiver and detecoor are at the samre point

IS ciwith thessame cle- tion Me point hr front the surface.

19 c Onfy diffuse scaftring is calculed beause the coli erytecuhar term

IND c wiid occurs at noreul I cldene hor baclascatier is dropped

21 c

22 c This prtgra mlulatea theS generally non-aero Mueller Mtx elemtente,

23 c PIl 21.22M33.3443, and 44, hr ue with the asadard Siolurs Vecto

24 c nation. Of them eightk two pains ame degenerate. P12-P2i and P34-4P43.

23 c The -eenes *ame caculated on a per solid angle basis so thait the calculated

RI c Muellr Max is abaolutetly mrectoh within a scaer consant. The scalar

27 C Xr cstea i arsed upon "v sift of the solid angle intercepted by aim

29 c detochar lar a particular *xperienteul sep. Por this work to be vatid

29 c the detector mus look at rage of returned angles close enough to

30 C PUNe backacafter that the backmcttd return Is a good approximation

31 c of theewi, rfect range. Alto, th solidl angle initcepted by the

32 c delechar mtai be temelisri Wa hacident angle anid wavelength.

33 c

34 c The Pell. en t Am sktse the atsewa aft. S. hor ate wit the

35 c .uedlsed StbWa Vecor alon. and this is dwn transihrmed hato the

36 bds rat .

37 c

39 c I%& loantof Smcnbe writtenasa podkwt of two values Q and

30 t a R-d slop averaging hatk. This% is allowed by the Pull-wave

40 c TmorY ONLY becaum slopte and heights aft consaidered uncorvelated.

41 c Q ft a funtdon of Incident angle. surfsce height suha-correlation

42 c hentten. and f(me "am radisthan wavelength. The slope haev1

43 c is functlon of hierti angle, mean sqarad tlope, and wavelength

44 c thr-weghdie aediam relatve dielectrtc cosuear.

48 c

46 e: Per do assssed heto ieftda. Q actually a R-d ism.gra can

4, c eIuiw apee ettue sdbruru ate ai nsali.

48 sQ s npue by subotine QCWP hor 3 ddfoen sctal doeny

*9 c ubaheight h~ee~e uow I The ad hto r the gob."".

30 t Ir~ sw mm qieed het and mes aeed slope. The)3

3M c lutdet at Gtsqsa. N-&,adN-6.

3 c
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53 C 111004 eoeref wiugin Inseo ount hor all posAkdl woobinacse of

54 c dlopeo In Ows anard a direciona. Cosideulag varius. polartthon. and

55 t plus. mehonshipie. 16 unique Itilgralo ane posafle 0 mmapisew S.

54 c WAd leehogals -> 0 because ti nwegand Ws odd.

57 c 3 seitins nveeg ID 1 ale, and anodwr -> 0 becaue e v nugrand

56 c bproportional t w kmgnaerypartof a relnumber.

59 c This Waves 5 unique 2-d ismegeelb perhrmsw by mubsoutit IDCh4P.

40 c The 3 aluesouldbeued ampule Sbut Oey am combinedin one

41 Cdu se he0 ONISa1 Muggler sob e mene, Pij.

62 4 C

63 c Thw fllowlig we slon 10.0 3451 routins ane required:

44 c QDAC. TWDQ Ij0. I=, ISK1, and ERPC.

65 c Thmese am avallbe Inro 3PAR. cuslaser rnelations. ujut foor.

44 c NOC - 11-n 750 Bellm Uculavard. Housion, Tom"g 770364506. LISA.

67 c Telepluw (713)772-792V Tesan M9192311.151 INC HOU

" C

69£C

70 c lnWi wall 7 bs assigned toa Me person Olm awl onin the

71 C following; bps e m :

72 c unew - meiwow tor program owamenlry from units

73 c VliWO-2.Isucoror uldabufomnunui9

74 c NoWU - chme&W13 deenIpt of roubriai b"n leased

75 c buO4 -rnge or Nofd4md ownsquard heigies(in u-4

74 C mop or Ue of deskm en squared dlopes (unitless)

77 c .msP or IM ofdedo*walng"m(In U)

76 C -rnge or Nos of des~ed incident angles (in deg.)

79 C osumred with repetos thet sunal t .the mere plane

60 C prompt har dleldc of assoadal

III C iOcofe b *ospe dmhuwdielecr -Cmnt of "h starfao or

82 C i*a mew of iw NO aok*%in Nos @f couwnstu

83 C kIqg-u lquiretnenue for QOAC

04 C bIegeeion eeqsaeet hor 1WODQ

86 cUnNO boome vahious values hrdebuang is. prog am and delermn"n

37 £utme IneIIn amy ls.pewwrong. ftaeri velma hr monforkn Use

a C' &egelo ro - MOWs welsae to sui 8 lm been comenle asg. bug

44 tmn be iebled Ownul ide progga no w have r n e problem.

so C

91 c Uhit 9 is was a heading Mab ft cms the Muellr Mtn date that follow.

92 c Uslesaf of.a bufere Mix for a givan mean "eqnd hewogs. mean "qired elope.

93 c md vfwaeeni arid Wb tli angle ane p Used ont Io ttus.

q 94 £ TOe WOe lne obim. ite Mier Q values har the 3 dlieen mrGUAM

95 c corro*,n fsauiesw. iTh.mnlne wwo iehww g of mut ekewf

94 c dI ded by Q. The Iese doin audo are PII.,12.22.3334 and4.

97 c Any progtess mbkq sg -e duise output f Se m euba is. proper Miaieem

90 £J ami$dW 10l~e OWNef 1110el ~el N11-008le MI.

" C

160 C
M0 IMAL VL*S~% Q XAlSWN.LNA AAM

1H2 I 141.QC ,WD.CD.ISCS.K.KOSQCSThT.SNMhTTHETA,

"S 2 IH6Q641SMS41S)Wt4L1O).ANCL4IW0)

M4 3 III (4.25l4)."t4)QM3

"S 4 AmtlA~lAU32.303

w0 MAL. StlU
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107 REAL SVEW(00,16)

109 COMPLX ERCMPE

110 C

III ITGER NANG.NWLENNSISNHMSQ,1.I2VI3.I4.

112 1 DCOOE.RCODILFLAG1

113 C

114 CHARACIU1-S OUTNMCOMINM

113 CI4ARACTER*13 MATNM

114 C

117 COMMOWIONEMMSQ.<CLD4.CLD4SQWEN.11ErA.SKTHT.Cs14TSC-S,

119 C

130 PI-AUS(ATAN2kO...1.))

121 C

122 C This block ope w Mea pamati

123 C It noids Rio imas and opes filas for conmaiary output and data output

124 C It also nad. in do e" datfynoarial maw and puts in output

125 OPE(UNIr-7,111E-'perarn)

124 READ(7.'(A)ICOW.&4

127 OPEPJ(UNfT-4.PILE-COMNM)

135 WRTp.'fCOMMETARY POft REIRO'

129 READ(7,(sy)OUTNM

130 OrEN(UNIT-9.PIE-OUrhlM

131 READ(7.'(aY)MATNM

132 wrieO7Comnstrby for rato

133 wwteaP.Output Us is -.01JNM

134 tea l" k4atatis descipton Is -,MATNM

131 C

136 C

137 C THESE POUR UWLCKS READ I THE SURPACE AND 3AC1CSCATTER PARAMETERS
139 C FP THE PIRST VAL 5S NEGAIVE A LIST OP VALUES 5S TO P0110W

139 C FP THE PIRST VAL 15 POSITIVE, A RANGE WITH THAT MANY VALUES 15 SPECIFIED

140 C TIM ROUTINE THEN4 EITHER READS THE LIST INTO AN ARRAY OR

141 C PILLS THE ARRAY USING THE KrEGNNINC AND STEP VALUES GIVEN

142 RKAD(7.MS4 MSjQW.NgMSQS

143 WONOMSQ.LT.0) THENf

144 N9IhSQ---I1NMSQ

145 READ(H1MQL4L-.NH1MSQ)

144 am1

147 DO 10, IL-1.NI4MSQ

143 10 140L41L-H1MSQU+(IL.1MSQS

149 E4DIP

1SO WUITE4S.lNI4MSQ. %WEAN SQUARE HEIGHT VALUES READ IN'

Ill C

132 RAD(7.7.JSCS SKGSSSICSS

133 FO4SICS."T0)I4U

134 NsGcS-1 4SlGS

135 X1ADP7.)(SlCS34UL-1,N5GS)

134 ELSE

137 00.RAJ4IS

ass 30 1GS4-SS11L-r"cM

In sop

I"9 WIIff#d#4S '.WEAN SQUARE SLOPE VALUES READ Or
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161 C

162 3EAD(74WLW.1,WLE.J3WLDJS

163 WomLEN.T4THEN

164 NWLEN-.1INWLEN

165 3EAD,(WlENt1L-NWLEN)

1" ELSE

167 DO030. IIL-1.NWIB.

168 30 wLEdL4I)-wLENB4(R-1rwLENs

169 ENDIW

W170 WUfrhI.*)NWL654.' ',WAVELENCTHS READ IN'

171 C

1in READ 7.7INANGANCD,ANGS

173 "QANG.LT0)114R'

174 NANG-.VNANC

173 READ(,-(ANG14.IL-1,NANG)

176 ELSE

177 Do040, IL-1,NANG

176 40 ANG14L)-ANGB4(1~1TANGs

179 654015

1go WRITE(StANG.' %INCIDENJT ANGLES READ IN'

161 C

182 C

165 C THIS SEC71ON PLACES A HEADING BLOCK INTO THE OUTPUT FILE

164 C THE SURFACE ANDt BACI(SCATTER PARAMETERS ARE WRIfTE INTO THE OUTPUT

165 C PIUE SO THAT LAER ANALYSIS ROUTINES WILL HAVE AN INDEX TO THE DATA

166 WRITE.)MATNM

187 Wifl7(9.00)NMSQNSlCS.NWfL'J.NANG

1IM IUO PORMAT(4fl0.4)

169 WRrIOI101iDdQL4IL).IL-1,NHMSQ)

190 WRITE(9,1010X5SIL.IL-I.NS1GS)

191 WRrrE(9,1010)(WIL4LIL),IL-I.NWLEN)

192 WRITE(91oioXAJGI.IL)JL-1,NANG)

193 1010 PORMAT(36114)

196 C

I"5 C

196 C THIS KOCK READS IN 114 CODE FOR THE RELATIVE DIELECTIJC CONSTANTS To B

197 C USED. THIS COO AND THE DEGREES OF LAGRANGIAN INTERPOLATION TO BEUSD

1'll C 5 PASSD TO ENTRY SUNE OF FUNCTION ERCMP. THE NEXT LINE OF INPUT IS

199 C READ INSDE EMTY SOWU

34 READ97)DCOODE

31 W*h(IL7DskCbflC maed in',md

an SETUP-SrTER4DCOOE.5)

34 C

XIS C THIS LAST INPUJT DATA 5 THE RELATIVE AND ASOWTE ERROR REQUREMENTS To UE

Ni C NY THE INTEGRATION ROUTINES QOAG AND TWODQ RESPECTIVELY.

307 RElAD?-AERIiRER1

34 wdW66(Im7 Earn a4ehrQOAGmmdIn*'Aowl,,*wI

210 Nob~ *gfar csNb hr TWODQ toed in ef.
2

211 C

212 C

213 C ?ME5 POUR NIMTE) LOOPS MAIE ALL COMBINATIONS OF SURFACES WITH4

214 C WAVUED4GT5S AND ANGLES OF iNCIS4CE SPCE.
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215 C THE DESIRED PARAMETERS ARE USED TO COMPUTE E MUE1. ER

216 C MATRIX EIZWENTS BY PIRST CALCULATING A SCALNIG 1.- INTEGRAL. a
217 C AND THEN CALCUlATI NG 16 2-0 INTEGRALS, IDD1..I1D6, THAT ARE COMBINED IN ITH

218 C CORRECT MANNER TO GIVE THE MUELLER MATRIX ELEMENTS POR THE

219 C STANDARD STOKES VECTOR NOTATION.

220 C IN REALflY P0R THIS WORK ONLY 5 2-0 NTEGRALS NE BE CALCULATED BUT
221 C THE PROGRAM 5 SET UP GENERALLY.

2.2 DO0nt-.JinS

223 HMSQ-HMSQILfl)

224 C

225 DOWI12-l.NSIGS

226 SICS-SIGSL4P2

227 C The anebton length an be ckulted when hmeq and sip are axed

220 QENSO-4-4011SOSC

229 CLEN-SQRT(CLENSQ)

230 C

231 IOLD-0

232 DO 70 13-1,NWLEN

233 W.EN-WLENL3)

234 C K and the fltstiv dielectric otoetnt an be omputed when wien is known

235 ER-ERCMP(WLEN

23 o- "2PWLEN

237 K0SQ-K1VK0
230 wvts(7e ve dIelec: itco.,nt ",ER

239 C

240 DO 14-1,NANG

241 ANG-ANGL(4)

242 C Thele is dh angle between the incident direction end the nonmal to the

243 C rkfm ple In radl-n.

244 TETA-PPANG1O0.0

245 C3TFIT-COS(TS4ETA)

244 SNTHT-S#IN(TE-A)

247 C

241 C wram(B.IAngle(deej Wien Mean Sq Slope Mean Sq Hgr
2 4 Wk1SW}ANG.WLEN.SIGS.HMSQ

250 C

251 C
232 C 1141 SECTION COMPUTE1 THE SCALAR Q VALUES POR 3 AUTO-CORR PUNCTIONS

253 C RCOODE- -> GAUSIAN ICODE-2 -> N-U RCODIE-3 -> N-6
254 C F ALL Q VAWUIS ARE TREATED AS 0 THEN IPLAGI -0 AND THE IDDY DO NOT

255 C NE TO BE CALCULIA1ED,

256 FLAGI-O

251 DO RCODE- t.3

258 CALL QCMP(Q(MCODAM.AERR1iRRiRCODE)

" RWCOOE).T.o.)1P1AC1-1
360 N CONTINUE

351 C

242 C
353 C TM4 SECION COMPUJTES THE 16 IDO VALUES NEEDED P06 THE MUELLER MTX.

4 C NOTE ONLY S DISTI INTEGRATIONS ARE DONE THE OTER ARE IOWN POR

W C OTHER REASONS ASS .NED TO THE PL.OWING CONDITIONAL ASSIGNMENTS.
JG C IF ILAGI -1 THEN THOE I A REASON TO CALCULATE THESE VALUES

W47 C I r 6SH CONSTANT OVU A RANGE OP WAVELENGTHS THEN nOMS ONLY

MU C NEW TO BE CALCULATED ONCE PO6 EACH INCIDENT ANGLE.
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269 14(ILACI .GT.o.) THEN
270 F(DCODE.NE, -OLIOWDNEA) THEN

271 DO 90 L- 1,16

272 W(IEQ.1.OILLEQ.1OLLEQ4ORILEQ.5O@LLE6)THjE4

273 CALL IDCCW PjM)0AERR23mz,2.L)

274 ELS P(ILEQ.OLILEQI7) THEN

276 ELSE 3'(ILEQ-a) 'THEN

277 IDwo.
9v ELSE EM LEA) THEN

279 IDo"1).

m ENOWP

201 W0 CONTINUE

282 C Eis wma ten mve Me brw-wvlit

303 ENCODOLEQ1) THEN

X4 DO 93 IL-1,16

39 SVO)0(14.fL4-VD(L)

336 93 CONTINUE

w7 R4DI

2W Em

M3 C 9 Et is -- I ad and the e hove been saved uine them

2W DO921L-1,16

291 fDD(IL-SVIDDQ4,IL)

29 92 CONTINUE

29 tNDW

294 ENOF

29 C

296 C

297 C TIS SECTION UTIUZED THE 100 VALUES TO COMPUTE THE MUELLER MIX
29 C ELdEETS DWVIDE BY 1.

300 C MANY OF THESE P VALUES ARE ZERO MIT THEY ARE CALCULATED HERE POR
3M1 C COMPLETENESS. THEE CALCULATION TIME 15 MINUTE COMPARED TO THE ACT'UAL
302 C MIGRATIONS.

303 P(1)-JtD(1).IDO(2).IDP)IDD4))

304 POW-W(I()*GEDP""HM).~ 4))

30 P(4)-EDDOO

307 r- tl4 *KHD()

3w P*O).Uj~t )lD ).IDD(4)

3D9 P(7)-IDD3)

310 P-IO14)

311 P)2Dq1

312 PV1)-2.3O(1s3)

313 P(Il)-ID0(m.Io(7

4 314 P(12)-4ID%)+=M(S

315 P(13)-2.*VD(12)

316 P(14)-293D(1)

317 9115-RIDo*TIoP

314 MG1)-IDON).0(7)

319 C

33 C

321 C THE SCALAI Q VALUS ARE WWrFTN ON ONE UW.E AND

32 C 6 MUIMU KMtTIE 111MES DIVOWE W Q AME WRITTEN ON THE NEUT.
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323 C THE OTHER 10 ARE KNOWN TO ME ZERO POR THIS WORK-
324 WRfl(900)Q(l)Q(2).Q(3)

325 wRrrE.9,200)P(),P).P(6)P( 1 ).P(12).P(16)

3A1 300 PORMAT(602.4)

327 wrlbK.21)Qft)Q(2)Q(3)

328 2001 )JgDo]6DD(2).IDD(4) I>5)JTDEX6)

329 3001 PORKEAT(6E1 3.4)

330 C

331 00 CONTINUE

332 IOLD-!

333 70 CONTINUE

334 60 CONTINUE

3.3 50 CONTINUE 
0

321 C

337 REWINDQ)

338 REWIND(S)

339 REWIND(9)

340 CLOSEM7
341 CLOSE(S)

342 CLOSE(S)

343 STOP

344 EIJD

345 C

346 C

347 C

345 C THIS SUBROUTINE DRIVES QOAG TO COMPUTE Q
349 SUBROUTINE QCP(QAERPRERRRCOOE)

350 REAL VX.WV.VYQHUPLJMQPRASETARCARCARCI,

351 1 UPUMD.UPUJM,SETUPR

352 REAL HVQCLN.CLSQWLEN.THETA.SNTHTC$11JSSrPI

353 REAL GQ.ITI

354 INTEGER RCODE

355 EXTERNAL ARC

356 COMMONAXNE ESQCI C J4SQWL N.THETASNTHTCSTHT SICS CD PI
357 C POR EACH VALUE OF THETA COMPUTE COMPONENTS OF VECTOR V.
355 C THEN COMBINE WITH liiE MEAN SQUARE HEIGHT AND SAVE IN AkC
359 C WWrE(*YSN T.CS r.NTTC"

3w0 VX--2.*W~wNTHT

211 C VZ-0.

212 VY-2 10CS1T

363 VXZ-ABS(Vlq

214 V'ISQH-VYWYHMSQ

us5 SETARG-ARGl(VXZ.VYSQH)

36' uEtSUR(RwCOOE)

217 SEtARr.-GCO4Tf.)

355 C COMPUJT THE UPPERUMIT ON THE INTEGRATION BY ASSUMING THE INTECRAND
219 C DIES AWAY WITHIN UPI3RID CORRELATION LENGTHS.

370 Uftk-UUADCLEN

37 UPL*A1-UPL^hIJ10.

372 101) CON714MU

373 C COMPUTE TH4E DOUBLE INTEGRAL WHERE ONE HALF -> ZPW

374 C THIS CAN BEDONE By SWITCHING TO POLAR COORDINATES

375 C I NO INTERCRAND 6 POUND THEN REDUCE INTERATION LIMITlS TO PIND IT
376 CALL OAC(ARG0..URI.AERR .RERR.1.QPEIME.ERREST)
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377 QPRIME-QPIIME-' I

378 W(QPIME.EQ.0.AND.UPUIM.GT.UPLM1) THEN

379 UPLIM-UPJM0.7

30 COTO 100

361 ENDIP

362 C

363 C F QPRIME > 0. THEN COMPUTE THE TOTAL Q

34C IF QPRIME STILL EQUALS ZERO THEN INDICATE BY -M.

385 C IF QRIME WAS LESS THAN ZERO INDICATE BY -99.

386 IF (QPRLCGTA.)THEN

367 Q-XWPKrQPRIME

388 ELSE IF(QPIME.EQ.0.)THEN

369 Q--6.

390 ELSE IP(QPRIME.LT.0.)THEN

391 Q-99.

32 ENDIP

393 C WRITE(6,,YQ-',Q,' ACCESSED ,GCNTI(0.)

394 RETURN

395 END

396 C

397 C

396 C

399 C THIS FUNCTION COMPUTES THE INTEGRAND OF Q FOR DCADRE.

400 C THIS FUNCTION HAS 3 ENTRY POINTS

401 C B0 COMPUTES BESSEL FUNCTION I SUB 0

402 FUNCTION ARC(RD)

403 REAL 9S0,.RSUFCHICHISO 0SUbO,RDVXZVYSQH

404 REAL COUNTDUMMY

405 ITEGER RCOOEDRCODE

406 SAVE

407 COUNT-COUNT+I.

40 JU0-mS0VWRD)

409 CH- (DP((RRSURP(RD)-.)VYSQK)

410 ARG-JSUI0(CFII2CH1F SRD

411 C ARC-1.

412 RETURN

413 C

414 C

415 C THIM SECOND ENTRY POINT SAVES SOME CONSTANTS FOR A GIVEN IITEGRATION

416 C THE VALUES ARE ONLY FUNCTIONS OF THE SURFACE PARAMETERS NOT OF RD

417 ENTRY ARCG(DVXZDVYSQH)

418 VXZ-DVXZ

419 VYSQ"-DVVSQH

430 cOSQ-EKP-VYSQH)

421 ARGI-1.0

422 RETURN

423 C

424 C

425 C TH ENTRY RETURNS THE NUMBER OF ACCESSES SINCE LAST INQUIRY

426 ENTRY CCOT1r (DUMMY)

427 CANT1-COUNT

4a COUNT-DUMMY

429 RETURN

430 END
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431 C

4u2 C

4U3 C TM5 FUNCTION CALCULATES THE AUTOCORRELATION. FUNCTION USED TO
434 C MODEL THE RANDOM4LY ROUGH SURFACE

43 C BSKI COMFUTES THE BESSEL FUNCTION K SUB 1
436 C 9WIC COMPUTES THE BESSEL FUNCTON K SUB3 0
W3 FUNCTION R*SURP(RD)

438 REAL RD,R.RSQR4THR6TH.KAPPA6,KAPPA8.BSK1.BSK0.EIMITERJb4

439 REAL HSrQCLa.J.CU~SQWLN,TE ASNTHTCShTSISIW.P

440 IN'ThIG RCODE.OfCODE

4"I COMMON"OE/MS-QCEN,C11nSWLENTHTASNTHTCSTITS1CSK0PI

442 IP(RD.EQ.0.) THEN

443 uSURP-1.

444 RETIUN

443 ENVIF

446 IF(RCOOE.EQ.1) THEN
447 RRSURP-EXP(.WRDINSQ)

446 RETURN

449 ELSE IP(RCODE.EQ.2) THEN

430 R-RDKXAPPA8

431 RSQ-R'R

432 R4TH-RSQrRSQ

453 3t6TH-RSQR47H

434 TERMI-(.-3.RS/B.43eR4THI32.4R6TH372).RSI(R)

45S TERM2-(RS02.-R4Th4.466THi6.BSCO(R)

436 RRSURF-TERMI +TEM2

437 RETURN

436 ELSE lP(RCODE.EQ.3) THEN
439 R-RDKXAPPA6

460 RSQ-R

461 R4TH-RSQ'RSQ

462 TERM, -(1 .-3',RsQi4.44THn9E.rR.BSKl (R)
463 TERM2-(RS0l2..3.*R4THn16.)BSKD(R)

464 RRSURP-TERMi +TERM

445 RETURN

466 ELSE

467 WRTTtM(S)lU.EGAL RCODE,

446 STOP

469 ENDIF

470 RRS4JRP-0.

471 RETURN

472 C

473 C

474 ENiTRY SETUPU4DRCODE)

473 RCOVE-DRCODE

476 SETUPU-l.

477 IP(RCODEA.E1) THEN

476 SEIUPR- 5.
479 ELSE IP(RCODIE.EQ.2) THEN

460 KAPPA8-SQRT(1 .6VLEN

al1 SETuPR-t73Agrt(t.6)

482 ELSE PRCOMIEQ.3) THEN4

463 KAPPA6-IJCLE

484 SMIPR-173
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4M5 D1DW

466 RETURN

407 END

488 C

490 C

491 C IMS SUBROUTINE DRIVE TWODQ TO COMPUTE WOD POM DIJDCI IN INTECRAND
4M C THE REAL PART 5 COMdPTED POR CODE-I1 OR 2, IMACINARY CODE- 3
493 SUBROUTINE IDOCkfP(IDD.AERRRERRIL)

494 REAL IDDAER.RERRERREST

495 REAL HZ9IN,HZk4AXHXMHXMAXHZMAXI
496 REAL SDPQSP2.SPXHZ.SZMINSZMAX

497 REAL HMSQCLE,CLNSQWLE,1THTASNTHT(MhTSCSK,PI

496 REAL GCN72

499 INTEGER C ODE6)U(16)JSUQ6).(SU(16),ISUB(16)

su INTEGER IL

501 COMPLEX ERCMP.UR

502 EXTERNAL ARGIDD,2MINZMAX

503 COMNOMAQLNCESWENWTNHC7TISK

304 DATA ICODE/,1,1,1,2,3,2,3,2,32,3,2,3,2.3/

so DATA U..221111111..2v

306 DATAJSfl2,11,.,1111..,

507 DATA XSuMn,i.. 22,1~.2,2.Z2,222

so DATA ISUMn,2.2,21,1,22.1,22,2

5W9 C

510 UR-(1.,0.)

512 1 LSU(IL).ERCdP(WL8I).URXSTHT.SNTH)

513 SJP-SP2MMSSNTHT~CSTHTPI)

514 C WRm".- PACT- ',SEMUP

515 SETUP-SMI4XHZ(Pt.SGS)

516 C WRIT(.)ENOM- ',SETUP

517 SETU-G04T24.)

51g HZMIN-0.

519 I4E4AX-3.sQ(S)

520 HZMAX1 -I4ZMAX.4

521 HXMIN-4WA.AX

522 HXMAX-H2IMAX

323 199 sETur-SZMINoizmN)

524 SETUP-SZMAX(HZMAX)

525 C
* u2 CALL TWODQ(ARGDHXMNHXMAXZMZMAXA ER3tJjDERRES'r

527 IDD-2.1IDD

5IB C

529 C WRrM(9,71D0- .IDD/' ACCESSED'.CCJ.J2(a.)
5&V IP (DEQ...AND.ZdAX.GT.WZ4AX)1HEN

331 14HZIN-H2MW.N7

332 HMMAX-H4DiAX-.7

333 HXhIIN-I4xmVr.7

334 MMRAX-HXMAX(.7

30 COT0 199

326 ENDIF

33 C

sm RETURN
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5so C

541 C

542 C

53 C ThES FUNCTION CALCULATE TIE HZ LIMITS POR 2-D INTEGRATION BY TWODQ
544 FUNCTION zwiN(xi)

5us REAL DIZMN.D2WKN

544 SAVE

547 ZNM-DIZMtIl

546 RETURN

549 ENTRY SZMINM(2ZM"J

350 DIZMI-DZMIhl

551 SZIN-1.0

552 RETURN

553 END

554 C

555 FUNCTION ZMAX(XI)

554 REAL D1ZhIAX.D2DMAX

.357 SAVE

51: DdAX-DIZMAX

559 RETURN

560 ENJTRY S2)AAX(D2ZMAX)

541 DIZMAX-X)2ZMAX

542 SZPAAX-1.0

%53 RETURN

544 END

so5 C

566 C

567 C

538 C THE FUNCTION CALCULATES TME ARGUMENT OF TOD POR TWODQ
549 FUNCTION ARCIDD(HX.HZ)

570 REAL COUNT.DUMWYHXZSQ

571 REAL DENOMDSICS.SCSSNTHTCSHWrPIPACr

572 REAL SICSRTPIC.COTANTCOTT.R.P1.P2

53 REAL EMP

574 SAVE

575 C

574 COUNT-COUNT+..

537 HXZQHX+HrZ

573 C

57" IF (HX.LT..COTT) THEN

w0 P2-0.

541 IBME

392 P2-PACT

33 ENDIP

984 C

306 C

547 ARCK)D-PIXT4P2DPQMAC(HXHZHXSQ

m4 RETURN

no9 C

59o C

91 INTRY SFHXHZ(MLDSMG)

59 SICS-OSIGS
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m9 DENOM-Mw4Sl~

M9 9I1HG4Z-MOMQ

m9 RETURN

596 C

W97 C

596 ENTRY SPSIGS.Smn CTWrp

599 SICSRT-ScQRT(DS4CS)

600 PlC- .SlSRdSRTP1

601 V(AW*(NTHI).LT1I.E-10)ThD.I

Go2 COTT-1.130

6- cD-o.

am6 RE

m0 TANT-SNfl4Tic3lW

M0 COTT-1/TANT

607 R-COTIJSIGRT

60B P1-0CP(.RR)

609 P2-ERPC(R)

610 O-PKCTANP..S*P2

611 ENDWP

612 PACT-1J(1..CD)

613 SF2-PACT

614 RETURN

615 C

616 C

617 ENTRY GGJT2(DUM"Y

613 GO1T-COLJNT

619 COUNT-DUMMY

620 RETURN

621 END)

622 C

623 C

624 C

625 C THIS PUNCIOt4 CALCULATE DI*DIU. AS PART OF IDO'S INTECRAJ4D

fix FUNCTION DPQMAC(HX,HZHXZSOJ

627 COmPLx B~RRrA.~~wk~~umumu

43 COMdPE) s1NCSIN,VEN2.oe3CICFVCPvv,pl4HZf1.s

629 COMnlEX DMQ2)DERDUR

630 REAL RXH.XSLNM WDNWDSH

631 REAL CSC,TNG,SNG.CS0N,SN0N,SNPIKCSPJS0IPC0U

632 REAL CSSLSNS1LSNS1F

633 V41CER IODCOD~U.UUSSUJSUuhSU3,KKSUBsjSUgh±SUB

634 SAVE

635 C

636 'SC-I AQR?(1 .+HXZSOJ

637 TNG-S4RT(HXSQ

63 SNGCcCTN

639 rfTWC.LT.1 3-5 THEN

641 SNON-SNTHT

642 amS

643 cs-44ING

644 SNMD- SWInm

64s CSN-aCSCS7h4NGSNTHTCSPDI

Go6 5N3-SQM-43M*CSW
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647 ENDW

669 P(A§(C0N).LT.1.E-M THEN

650 DPQWIG-O.

651 RETURN

652 ENDIP

653 C

65" SNIN-SNONAMI

655 CSIN-CSRT(1 .4WNSNIN)

656 DN9 N CSNrA

657 DEN3-W+CSN&AR

656 56I-SNONSN

639 C0W-(3t4 
p

660 OWM-CS1NKS1N

661 CIWV-CoWP((4a.C1IPWorEux-UxMy(Ds,.j2DE.2)

662 CPH-CP((-EC*tP-sO)*UMR-ERY(DENj3oEN3)

663 C

664 IP(TNG.LT.I.E.5) THEN

665 DP(i)-C'VV

666 DP(X.2)-O.

667 DPQ(2,)-O.

663 DPQ(Z2)-CPHH

669 ELSE

670 CSS-(CSGwiNThT+sNC'CSHTCSPDpYjjON.

671 SNSa-NSNPIJSNO01

672 SNSIP--4NSa

673 31-CFVV-CS6

674 82--CPHWS3NSII

675 13-CFVVWNSU

676 S-C*CSSI

677 DP(1,)-CSSP91SNs1P2

676 DPQ(,2)-S6P%34NsP

679 DPQpM)-SNSWlP1 +CSSPRS

600 DPQ(22)-SNsW3csW5k

662 C

683 W(ICOVE.EQ.1) TIfl4

664 DPWAG-(CAS(PQ5UBMjU yCC-2

665 ELSE WIP1C O.2) THEN

66 DPQMA-UAl4P(15tJ3JsuuroNIG(cP(opgSU jLSu zJ)yoG,

667 ELSE

690 EENh6N

690 C EUR

692 C

64 1 OCSTHTDSN'T FT)

694 Ksul-RIMS

700 CTM-DCSTHT
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31 SNMN-OSNTHT

73 UU-DUR

70 ETAR-CSQZT(UUAM)

7M6 EM-I.-ER

70 EMRR-EK.-u

70 URh4-1.4Jf

710 URMR-1.41JUR

711 URtmUR-UUMd*=

712 SVPQ-1.0

713 RETURN

714 D

715 C

716 C

717 C

718 C 1145 FUNCTIN COMPUTES THE VALUE ERt WF Rg1POLATION S DESRE

719 C OTHERWrA ff JUST RETIUNS THE CONSTANT VALUE GIEN IN PARAMS.
730 COMPE FUNCTION ERCh4P(WLEN)

721 DMEhIl NPITDEC,LIMN.,MAX.DDECG.DNPS

722 REAL WN(300

723 REAL WLENPPACTOkUNR.CR

724 COMPLEX D1ER4200)ERESl

725 CHARACTER'IO PNAME

728 SAVE

727 C

739 3*lfls.EQ.)THEN

729 ERCMP-01ER41)

730 RETURN

731 ELSE

722 C "~ amvw,. we v -iigd in mlw to wave number in 1km
733 WNP-10000JWtEN

738 I-(DEG.1) 12

735 U(wN()CT.WNP) THEN

738 M34-1

"37 MAX-M?4,DeG

738 GOTO 211

740 3W R N(I).crWNP) GOTO 210

741 1-1.1

q 742 P(I.EQ-NPTS4M+G1~I 7MTEN

743 h(AX-NPTS

744 MI-NPTS4OEC

745 GOTO 211

746 DWIP

747 GolD

748 C
749 210 M4.E/.

73 MAX-MIN*DSG

75 211 PACTORt- i,

M C WRTIIPTM?4.hAx '.MlNMAX

733 C

78 D0 "D V MV4.MAX
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735 WNPNLWNODCOTO 22

736 ERCMP-D1ERM

7v7 RETURtN

7W3 220 PACORo-PACroR*(WN.WNq))

760 EESp .0.)

761 DO 230 I-MlN.hAX

762 U-PACrOOJ(WNP-WNI)

763 DO 240 1- MINI.MAX

764 240 WOXLNDU4JWN()WN))

765 230 ERET-EESt*DE38Iu

766 DDU

767 C

746 ERCP-mESr

769 ETURN

770 C

m7 C

772 DiMY SETER(DNMT.DOEC)

773 NPTS-DNPT

774 DEG-DOE

77S FM47.EQ.1)ThEMd

776 3tEAD(7.)DIEW()

777 ELSE

773 3EAD(7.'(A)PWAME

779 WRMME,*.OPDaiC.PNAME AS DMULCTRIC MPIL

730 OPD4(UNTT-10.ME-PNAkME

781 3tEAD(1O,J71s

732 DO 277 I-t.NPTS

733 READ 10.)N(D.NRKR

736 DER)-(1..r(iN a-R4KR'.M., rABS(2 INRKR)

M3 2M CONTIUE

786 CLOSEflO)

733 SEM-1.

739 RETURN
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AV.6 SAMPLE CALCULATIONS: PARAMETERS INPUT, COMMENTARY AND DATA
OUTPUT FILES.

"Params" is an input file for RETRO, containing topographical parameters about the
scatterer and routine control information. UNIX output files "TestClc.d" and "TestClc.c"
are created by RETRO for calculation inspections and trouble-shooting purposes. (1) "Test"
implies the file was created by RETRO, and is not a combination of other output fles, (2)
upper case "C" implies that this is a composite clay material, (3) "0" and lower case "c"
imply that mean-squared height and slope of the clay surface is 5 j~m2 and 0.5 respectively,
and ".c" or ".d" at the end indicates commentary file or data file for DISPLAY, respectively.

AV.6.1 Sample data file "PARAMS." (See Appendix V.1.1)

line * (No leading spaces in first column)
1 TestClc.c
2 TestClc.d
3 composite clay
4-10.0.
5 1.5
6-10.0.
7 .5
8 71 9.0.05
9 22 0.4.

10 0
11 compos.nk
12 .000000001 .0000001
13 .00001 .005

AV.6.2 Sample data file TestClc.d. (See Appendix A V.1.4)

1. composite day
2. 0001 0001 0071 0022
3. 0.1500E+01
4. 0.5000E+00
5. 0.9000E+01 0.9050E+01 0.9100E+01 0.9150E+01 0.9200E+01
6. 0.9250E+01 0.9300E+01 0.9350E+01 0.9400E+01 0.9450E+01
7. 0.9500E+01 0.9550E+01 0.9600E+01 0.%50E+01 0.9700E+01
8. 0.9750E+01 0.9800E+01 0.9850E+01 0.9900E+01 0.9950E+01
9. 0.1000E+02 0.1005E+02 0.1010E+02 0.1015E+02 0. 1020E +02
10. 0.1025E+02 0. 1030E+02 0.1035E+02 0. 1040E+02 0.1045E+02
11. 0.1050E+02 0.1055E+02 0.1060E+02 0.1065E+02 0.1070E+02
12. 0. 1075E +02 0. 1080E+02 0.1085E+02 0. 1090E+02 0.1095E+02
13. 0.1100E+02 0.1105E+02 0.1110E+02 0.1115E+02 0.1120E+02
14. 0.1125E+02 0.1130E+02 0.1135E+02 0.1140E+02 0.1145E+02
15. 0.115013+02 0.1155E+02 0.1160E+02 0.1165E+02 0.1170E+02
16. 0.1175E+02 0.1180E+02 0.1185E+02 0.1190E+02 0.1195E+02
17. 0.1200E+02 0-1205E+02 0. 1210E+02 0. 1215E+02 0.1220E+02
18. 0.1225E+02 0.1230E+02 0.1235E+02 0.1240E+02 0.1245E+02
19. 0.1250E+02
20. 0.0000E+00 0.4000E+01 0.8000E+01 0. 1200E +02 0. 1600E +02
21. 0.2000E+02 0.2400E+02 0.2800E+02 0.3200E+02 0.3600E+02
22. 0.4000E+02 0.4400E+02 0.4800E+02 0.5200E+02 0.5600E+02
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23. 0.6000E+02 0.640013+02 0.6800E+02 0.7200E+02 0.7600E+02
24. 0.8000E+02 0.8400E+02
25. 0.2446E+01 0.164913+01 0. 1901E+01
26. 0.2483E+00 -0.1437E-11 0.2336E+00 -0.2188E+00 -0.1539E-12 -0.2336E+00
27. 0.2412E+01 0.1605E+01 0.1896E+01
28. 0.2482E+00 0.316613-03 0.2332E+00 -0.2181E+00 -0.5693E-03 -0.2332E+00
29. 0.2312E+01 0.170313+01 0.2447E+01
30. 0.2478E+00 0.1243E-02 0.2320E+00 -0.2162E+00 -0.2228E-02 -0.2320E+00

3139. 0.3237E-02 0.4312E-02 0.8359E-02
3140. 0.6718E-01 0.1580E-01 0.6122E-01 -0.5657E-01 -0.420013-02 -0.6252E-01
3141. 0.5769E-03 0. 11 79E-02 0.3512E-02
3142. 0.5872E-01 0.1476E-01 0.533413-01 -0.4907E-01 -0.3925E-02 -0.5445E-01
3143. 0.6616E-04 0.324213-03 0. 1474E-02
3144. 0.4887E-01 0.1313E-01 0.4427E-01 -0.4053E-01 -0.3492E-02 -0.4513E-01
3145. 0.4011E-05 0.9443E-04 0.5812E-03
3146. 0.374113-01 0. 1075E-01 0.3380E-01 -0.3074E-01 -0.2857E-02 -0.3435E-01
3147. 0.7976E-07 0.2454E-04 0.1781E-03
3148. 0.2409E-01 0.7396E-02 0.2172E-01 -0.1961E-01 -0-1965E-02 -0.2198E-01

AV.6.3 Commentary file TestClc.c. (See Appendix AV.1.3)

I Commentary for retro,
2 Output file is TestClc.d
3 Material description is Composite Clay
4 1, Mean square height values read in
5 1, Mean square slope values read in
6 71, Wavelengths read in
7 22, Incident angles read in
8 Dielectric code read in 0
9 Opening compos.nk as dielectric file

10 The following relative dielectrics are used
11 wlen,Er 9.0, (0.230451874,-1.11635916)
12 wlen,Er 9.05, (0.127786514,-0.9956851)
13 wlen,Er 9.1, (-0.12072582,-0.933739048)
14 wlen,Er 9.15, (-0.349295173,-1.01144447)
15 wlen,Er 9.2, (-0.580000781,-1.14418849)
16 wlen,Er 9.25, (-0.813025525,-1.31932772) P
17 wlen,Er 9.3, (-1.06799906,-1.5584366)
18 wlen,Er 9.35, (-1.33129798,-1.88047748)
19 wlen,Er 9.4, (-1.5902951 7,-2.30134942)
20 wlen,Er 9.45, (-1.82918509,-2.86734854)
21 wlen,Er 9.5, (-2.00403183,-3.61813835)
22 wlen,Er 9.55, (-2.00863271,-4.69301692)
23 wlen,Er 9.6, (-1.62000141,-5.93069545)
24 wlen,Er 9.65, (-7.286277419E-02,-6.882451 15)
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25 wlen,Er 9.7, (1.9116751,-7.26745517)
26 wlen,Er 9.75, (2.69681864,-6.34696569)

77 wlen,Er 12.3, (2.19544571,-0.322365349)
78 wlenEr 12.35, (2.14063373,-0.355664223)
79 wlen,Er 12.4, (2.1129991,-0.433485636)
80 wlenEr 12.45, (2.10166741,-0.515307218)
81 wlen,Er 12.5, (2.106225,-0.586)
82 Error criteria for QDAG read in 1.OE-09, 1.OE-07
83 error criteria for TWODQ read in 1.0E-05, 5.OE-03

84 Cray Research's UNICOS Release 3.0.2
86
87 /amsaa is full, please clean up.
88 /secad is full, please dean up.
89
90 Input TERM type? Tek 4115
91
92 COMMAND REPORT
93
94 COMMAND STARTED USER-CPU SYS-CPU I/O-WAIT ELAPSED SBU'S
95 NAME AT [SECONDS] [SECONDS] [SECONDS] [SECONDS]
96

97 jad 10:04:49 0.01 0.03 0.00 0.09 0.00
98 segldr 10:04:50 2.94 1.29 0.04 10.95 0.00
99 sh 10:04:49 0.08 0.07 0.00 3556.54 0.00

100 jad 10:04:50 0.10 0.97 0.00 3556.13 0.00
101 a.out 10:05:01 1832.13 6.60 0.00 3545.12 0.00
102 a.out 15:08:32 1562.01 2.51 0.00 2457.13 0.00
103
104 PROCESS FLOW CHART
105 sssuzz -za-
106
107 parent -> child ...
108

109
110 jad
111 segldr
112 sh
113 jad
114 a.out
115 a.out
116
117 JOB ACCOUNTING REPORT
118 = ... , ........
119 Operating System : XXXX
120 User :XXXX
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121 Group : XXXX
122 Accounting Id XXXX
123 Job Id :XXXX
124 Report starts : 07/14/88 10:04:49
125 Report ends : 07/14/88 15:49:29
126 CPU Time (User) 3397.2720 Seconds
127 CPU ime (System) 11.4611 Seconds
128 1/0 Wait rime 0.0415 Seconds
129 Elapsed Time 20680 Seconds
130 CPU Time Memory Integral 0.8662 MWords * Seconds
131 1/0 W-Time Memory Integral: 0.1419 MWords * Seconds
132 Data Transferred : 17.0252 MBytes
133 Logical I/O Requests 6454
134 Real 1/0 Requests : 142
135 No. of Commands 6
136 Billing Units : 0.0000
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AV.7.1 DISPLAY User's Guide: STARTUP PROCEDURE.

To run DISPLAY, log on and type "display.run" after the prompt. This runstream com-
piles, links, and executes the program. DISPLAY's executable code is stored in the file
display.xqt. If one desires to rerun DISPLAY during the same login session, type
"retro.xqt." This will run the program again without unnecessary recompiling and relink-
ing. Since retro.xqt is a very large file, it should be removed before logging off. The object
file, display.o, is removed immediately following the linking process.

At the beginning of each run, the program will ask for the graphics terminal type. DISPLAY
directly supports the Tektronics 4107 and 4115 device drivers. After the terminal type is
defined, DISPLAY enters its main menu.

A note about Tektronics terminals. If the page border and words of a DISPLAY plot are
drawn in dashed lines, the problem is that the CRAY has changed the terminal setup
status. A solution to this problem is simply wait for the plot to finish then press the reset
button on the terminal. This will clear the screen, self test, and reset the terminal's setup
parameters. When the self test is finished, press <RETURN> to continue.

AV.7.2 MAIN MENU OPTIONS.

After the menu described below has been printed, the program prompts your input. As
with all menu prompts in this program, type in the number of your choice and hit
<RETURN>. If you type an illegal value, the menu will be reprinted and you should try
again. After the main menu option is entered, additional menu prompts will guide you. If
you make a mistake and do not want any of the options presented at a given menu, try typ-
ing in "0" to back up a menu.

The main menu has 13 options, given below.

DISPLAY MAIN MENU

11. Assign a surface for data access
12. Display info. on an assigned surface
13. Remove an assigned surface
21. Modify list of surfaces to use
22. Modify list of matrix elements to use
23. Modify list of wavelengths to use
24. Modify list of inicident angles to use
31. Change analysis normalizations
32. Change plotting format features
41. Do 3-d plot
42. Do 2-d plot
43. Do Contour plot
99. Quit program
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The first three options 11, 12 and 13 are grouped as the data file control section. Option II
acquires the file name, auto-correlation function, mean squared height (<h 2>), and mean
squared slope (al) that defines a surface. It then assigns a number to that sample. Option
12 displays pertinent information on the assigned surfaces, thus you need not remember or
write down all the assignment numbers. Option 13 allows one to remove a surface assign-
ment.

The next four options, 21, 22, 23, and 24 maintain the directive lists used by the plotting
routines. Option 21 builds a surface assignment list for use by three plotting options,
determining which surface(s) to use for a particular plot. Option 22 maintains the list of
matrix elements to use when plotting 2-d representations of the data. Option 23 maintains
the list of fixed K0 's for use when plotting 2-d angle relationships of the Mueller elements.
Lastly, Option 24 maintains the list of fixed 00's used in plotting the matrix elements as a
function of K0.

Option 31 controls which analysis operations are used when data is read.f , fs f f*A
In addition to f i. it is also possible to plot f , !L-1, or -1.

fit f, MITI fb?,

Option 32 allows modification of plot features such as page size, line color, tickmark den-
sity, grid lines, curve thickness, and hidden lines on 3-d plots.

Options 41, 42, and 43 produce the actual plot after the data files have been assigned, the
directive lists are built, and the plot format established. Option 41 plots, in a 3-d format, a
single matrix element of a single surface as a function of K0 and 00. Option 42 graphs 2-d
cross sections of 3-d plots with either 00 or h0 held constant. This can be done for multiple
matrix elements, one per page. Option 43 draws a contoured representation of 3-d plots.
Up to four surfaces can be compared on one page.

Option 99 terminates the program. When exiting "bob>," remember to delete the large file
retro. xqt.

AV.7.3 SURFACE ASSIGNMENT OPTIONS.

These three routines connect DISPLAY to the desired data files. You must know the file
names before you begin. Required information is obtained from prompted user inputs.
The program works on a system of surface assignment numbers. A surface is defined by a
file name, auto-correlation function (a special code is reserved for experimental data),
<h2 >, and a?. Each surface has its own list of allowed 00's and K0's stored in the heading
section of the data file. Up to ten surfaces can be assigned at one time.

AV.7.3.1 Option 11.

Option 11 accesses the file name, auto-correlation function, <h 2>, and cri that define a
surface, then assigns a number to that surface. This routine next reads in the allowed
K0's and 00's. This option does not read the Mueller matrix elements, but retains the
above information and associates it with the assignment number given to the surface.
The matrix elements are read, as needed, for plotting.

The data file contains two distinct sections: the heading block and the data block. The
heading block is the key to finding the elements of Mueller matrix, F(<h 2>,j,K 0 ,00 ).
The format of the heading block is as follows:
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A - description of material
B - no. of <h2>'s, o-r's, X0's, and 00's
C - <h 2>(1)... <h 2>(no. of <h2>'s)
D - j(1)... <h 2>(no. of ar's)
E - X0(1)... ,0(no. of X-0's)
F - 00(i) . .. 00(no. of 00's)

The information listed on lines C through F, above, may actually occupy several lines in
the data file.

For files created by RETRO the data block consists of two data lines per matrix. The first
line contains three Q values corresponding to the auto-correlation functions Gaussian,
N=8, and N=6. The second line contains six generally non-zero matrix elements divided
by Q. In order, these correspond to f11, f 1, f22, f, f34, and f ". RERO does not
write f 21 = f 1 or f 43 = -f 34. The other 8 matrix elements are zero.

For files containing experimental data the data block consists of three data lines per
matrix. The first line contains the 11, 12, 13, 14, 21, and 22 elements of F. The second
line contains the 23, 24, 31, 32, 33, and 34 elements of F. The third lines contains the 41,
42, 43, and 44 elements of F.

The matrix data should be written in a nested loop where <h 2> varies more slowly than
o-i, which varies more slowly than X0, which varies more slowly than 00. The looping of
each variable goes from the first value, to the last value listed in the header (lines C to F).
Given this information, DISPLAY can access any of the elements of F on file.

AV.7.3.2 Option 12.

Option 12 displays pertinent information associated with the assignment numbers: the
material name, auto-correlation function, <h2 >, ur, range on X)0 and range on 00. This
option is simply a reminder option of your choice of the assignment numbers.

AV.7.3.3 Option 13.

Option 13 is used to remove an assigned surface and free the assignment number. When
the list of assigned surfaces is presented you are prompted to:

Enter the number of the surface you want to remove,
Enter 0 to return to the main menu,
Enter -99 to clear out all assignments.

For example, to remove the surface with assignment number 6, enter "6" <RETURN>. To
exit without any further removals, enter "0" <RETURN>. Entering "-99" <RETURN> will
eliminate all assignments. Option 13 can have an effect on options 21 and 31, should a
material in the directive list or the base normalization material be deleted.

AV.7.4 PLOT DIRECTIVE LIST MODIFICATIONS.

These routines build lists of information used by the plotting options. Information on plot-
ting options is stored so as to avoid entering repeated data for different plot options.
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AV.7.4.1 Option 21.

Option 21 maintains the list of assignment numbers of the surfaces used in the plotting
routines. The first element of this list is the 3-d plot feature. Up to four elements in the
assignments list can produce a page of contour plots. The entire list, a maximum of
seven, can be used when comparing 2-d contour plots.

The flow of Option 21 is similar to others in this group. On entry, the current list and a
menu is displayed. If the list needs to be changed, just enter the number of assignment
numbers for a new list. Prompts will guide you to enter a new list of assignment
numbers separated by spaces on one line. These new values are checked and, if an ille-
gal input is entered, returned to the start of this option (to reenter the correct list). A
return is made to the main menu when the correct inputs are obtained.

AV.7.4.2 Option 22.

Option 22 controls the list of matrix elements used by the 2-d plotting option. Up to four
matrix elements can be drawn on the same page in 2-d format (these element numbers
are stored in this list). For example, to plot the matrix elements f 1, f2, and f3 on one
page, the list will contain "11" and "22" and "34." The method of entering a new list is
the same as for Option 21.

AV.7.4.3 Option 23.

Option 23 maintains a list of wavelengths. These are the fixed wavelengths used when
the f 4i's are plotted versus 0( in the 2-d format. When a comparison is being made
between surfaces, only the first wavelength is used, otherwise a comparison can be made
between the wavelengths as a function of incident angle. The entry method is the same
as above.

AV.7.4.4 Option 24

Option 24 is like 23, except here a list of fixed incident angles is maintained. This list is
used when f#, is plotted versus X0 in the 2-d format. The entry method is the same as
above.

AV.7.5 OPTION 31, DATA ANALYSIS OPTIONS.

Two analysis techniques are available in DISPLAY. The first causes all fij's to be divided
by the dc element f I. The second allows one to examine the perc'nt difference between a

target surface and a base surface, - 1. When both target and base sample measure-

ments are included the normalizations work in succession through division by f 11:

III III , and 1fl, ' -b " f a

To set up a desired analysis, follow the instructions given in the program.
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AV.7.5.1 Division by f I.

This feature is included to make the theoretical data more closely resemble normalized or
non-normalized Mueller matrix representations (see Section 4.5.4). Division by f 11 is per-
formed as the Mueller matrices are being read in as a function of X0 and 00, before the
comparison to a base material is done.

AV.7.5.2 Subtraction and Division of firk.

The percent difference simply determines when base and target surfaces, as a function of
o and 00, are most dissimilar. This operation is performed after all the f1q's have been

read in for the base and the target materials.

AV.7.6 OPTION 32, PLOT FORMAT OPTIONS.

This option allows change of various plot features including: page size, line color, tick
mark density, grid density, curve thickness, and hidden line removal. The six sub-options
are accessed through one menu.

The default page size is 12 by 10.5 inches. However, these dimensions have little to do
with the absolute size of the plot coming off the printer. This option lets you change the
relative size of the page.

For ttlminals that have color capabilities supported by Disspla, this program allows one to
draw curves on the same set of axes in different colors. This makes comparisons easier,
essential for contour plots. By default, multiple lines on the same set of axes are differen-
tiated by line type (dots, dashes, etc.).

The number of tickmarks drawn per major division on the x and y axes can be controlled
independently (for aesthetic purposes).

Dashed grid lines can be added to plots to make accurate readings easier. The number of
grid lines per major division on both axes can be controlled. Too many grid lines will
clutter the plot.

The thickness of curves on 2-d and contour plots can be adjusted depending on the output
desired. For terminal display or paper plotting, a thickness of one is usually sufficient. For
transparences, however, the thickness should be increased, especially if color is also used.

The final format option concerns hidden lines on 3-d plots. The default setting does not
remove hidden lines (they can clutter the plot). This option must be executed to remove
hidden line data in the 3-dimensional plot, or add them in latter plots.

AV.7.7 OPTION 41, 3-D PLOTTING.

When executed, this option draws a 3-d representation of fi(XO,90 ). (The 3-d plots are
always monochromatic.)

The assignment number of the surface used is obtained from the directive list built by
Option 21. The program asks which matrix element is to be plotted (this value is not taken
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from the directive list), and the correct reply is row-column element numbers.

The program then requests a range of ko's and 00's for the base plane. When a legal base
plane range is obtained data that fall within that range are mapped.

The last input required is the viewpoint of the plot. Disspla assumes the plot is in a cube
with corners at (0,0,0) and (2,1,1) (arbitrary units). At (0,0,0), X0 = 0(min) and 00 =
00(min). At (2,1,1), X0 = k0(max) and 00 = 00(max). The bottom of the cube is fq q fij(min).
The cube top is f = fii (max). The program requires a viewpoint in terms of these arbitrary
box units. Remember, the 1st coordinate is positioned on the X0 axis, the 2nd coordinate is
positioned on the 0 axis, and the 3rd coordinate is positioned on the fij axis. The plot and
various headings are then drawn. Hidden lines may or may not be removed, depending
upon the setting in Option 32.

At this point you have three options: you can change the viewpoint for this matrix ele-
ment, plot a different matrix element for the same surface and viewpoint, or return to the
main menu.

AV.7.8 OPTION 42, 2-D PLOTTING.

This option is included because of the difficulty in reading values from 3-d plots, and
because of the difficulty in making absolute comparison within and between plots. In gen-
eral, 2-d plotting allows you to look at cross sections of 3-dplots where either X0 or 00 has
been held constant. The matrix elements plotted are defined by the directive list of Option
22. Up to four matrix elements can be plotted on one page. The four possible plot types,
as presented by DISPLAY, are:

1. Spectral with multiple fixed incident angles for 1 surface,
2. Spectral with fixed incident angle for 1+ surfaces,
3. Angular with multiple fixed wavelengths for 1 surface,
4. Angular with fixed wavelength for 1+ surfaces.

Plot type 1 will present fi(>ko,Oo ' a ) for up to seven O0 fi" values on the same set of axes.
The allowed 6 0ftd values are defined in the directive list (Option 24). The range of ,o's is
entered after plot type 1 or 2 is selected. The first surface assignment number in the sur-
faces directive list is used.

Plot type 2 presents f(X 0,00 f) for up to seven different surfaces, defined in the directive
list, on the same set of axes. 00/N d is the first value from Option 24's directive list.

Plot type 3 presents fij(K0fId,0o) for up to seven X 0 
"d values on the axes. The allowed

Ku,0 d values are defined in the directive list in Option 23. The range of 00's is entered after
plot type 3 or 4 is selected. The first surface assignment number in the surfaces directive
list is used.

Plot type 4 draws f q(),0of ,0o) for up to seven different surfaces, defined in the directive
list, on the same set of axes. K0fd is the first value from Option 23's directive list.

Headings and legends are provided on the page to distinguish the curves when comparis-
ons are made. Several plot features can be changed by using Option 31 before starting the
plot. The process is the same as for 3-d plots. Press <RETURN> to continue.

Follow the program's instructions before leaving Option 42 to adjust the limits on the
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horizontal axis.

AV.7.9 OPTION 43, CONTOUR PLOTTING.

Contour plotting is included as a way to read more exact information and to compare
materials, without fixing X0 or 00. This option draws nine level curves. Color is recom-
mended for this option.

Like the 3-d option, the matrix element and range of the base grid is input at the start of
this option. However, unlike the 3-d plots, up to four different surfaces defined in Option
21's directive list can be used. When multiple surfaces are used the level curves are the
same for each plot. This means that not all plots will have 9 level curves.

Appropriate headings and legends are drawn to aid your interpretation of the graphs.
Several plot features associated with 2-d plots are used, as defined by Option 32.
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M0 C Thb- epesue Cm fec puD. 21and t. end mroutaile Aseda.

361 C 70 aro II esls . mw disye an 0Wth menu given.

2M2 C The wavs aplim Is red end "wied

mS wrlW -y*. ASSOI~4l SUIPACBE

am welh*)

367 wreD*W 1TWAwp 0 .11dsweril .Cvr. kc.

US smeal sqht'.'uAslteqewe
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me9 10319 hrma(1x~A6.&a2xa13ba3,ax13,2xAla3)

270 dD 303 i-Lobasur

27I Whmo-n.'noe dial

273 offdif

274 1032D hml(1xU.2,13.2xa13,2xfl3.32x~fl33)

275 303 -. "w

27fP Weft*.,)

277 32D continue

* 278 ww*&**YEnt dOw number of the surface you want to remove'

279 Of *IYiniar 0 ID reurn to di min mama'

- Of IYeEnhor -9W toaalr out aNl aainnmanb'

2v2 dO q.49) goo 390

263 woel.qO) low 5D

2" WIP.l.Ih..Staxau) @oW 3W0

285 C

M6 c Free asignment number I only and updaee hua

3117 c Cho&dlooaeeif options31or 21ameaffecied

MS f"Mow(l)-vune'

290 iMo.q-n2)lhen

291 vW6le(70sso ouadam for unraiaions haa been deleted'

29 wrfWte*7Ue option 31 to reasaign base surface'

294 012-0

296 do 260 I-I.uuurf

297 lV(surf.eql) d-n

299 wTtt(6,*fl~e surfaces to use list haa been cleared,'

3D0 wvil*,7I~e main menu option 21 to rebuiWd

301 Ml M s

304 OM30

306 c Pre all assignment nmnbers and initialia. fneada

307 c Option 21 Is albocad and 31 afthl be bw

3B 30do M21-1,aaas

309 fmmeml-nune,

4 310 39M sdw

311 CON

312 l~n2.vne0) dwn

313 wri"a*. ho fodm r normalisaadon has boon duloead

314 si2-0

315 nm

314 uIMI-0

317 wrvYrt41he 1hn a s baa been cleared'

318 w r ul~7 e "ain mnu option 21 to reb"id

319 an rand

336 so"w

321 C

332 c Option 21
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M c
32U C Tw iaof urm t e e d nomz2-d an mor pkft is bi wre

32 C Tlot lasslgnameu8 in t UNis uedby some2d an Ow 3-d rouine

M2 C T. cum rhm eesao weit No is rainsed

327 C71w moral is gvn.the upe A hlm ad, and executed

329 WYI*s*.1)

330 wfha(6,7 LIST OF SURFACES TO USE'
331 wtiis6*)

332 uts.oayit',An'.Awl

333 * 'Cowe. feec. '' small sq ht,'meen sq slope

334 10419 xmt(a7.m*.,i3,hKa32xA13.2xA3)

335 do 403 il,nstof

336 m-Ma.M

33 wui(.10420$,~mwkm),amwat(ammt)),hm ),sgt(m)

334 10420 finuvt4.' -. U.4,13,2xa13,2x.fl3.3,2x~fl3.3)

339 403 intkinue

340 WYV*0(6.

341 411 wthlsfil,-

342 wisW6.yEnw 4 of surfise 6r Ist a

343 wvhe(,7.ner 0 is return to the msin menu'

344 red(5,")j

345 NO-eq.0)g I-so

344 4IIl.oergtmascur) low 411

347 C

348 c maed Iw nmberw of assignment numbers requesled ito a lmp amra

349 430 wv,ti -)

350 lise(6,7Eabr tOw numbers of tOe asaigned surfaces'

351 wriWs6.-Yyou want in fte Nos. Enter in desired ordee

352 wsepeveiwawasd by spemas on one line.'

353 wdle(6,7Enjtv &Nl seo I* get out.'

354 r@ 5.IXlvinpQX),-l,D

355 do 43o i-1j

386 Alsvnq)aq0) j-t 400

357 Softorim~ltvs )gt 42D

359 tqfmslmpl)s.mov)Ii

3" vlwo'4,YA4 Inatn urfaace is nat assigned'

360 Ino 43D

241 nIffo

242 430 ele

363 C

344 c Vfell salvas areS~ te~o onpy tem into storage erry suafo

244 do 440 i-1,nswo

367 440 or ipr

349 C

370 C - 09 U. 2

371 C

M7 C Tisb or"" bufit iv mIt -luIs ' o s e' PA thel is --w sry

373 C to do 2-d pism vuW mudlple oft -etor

374 C lvw Rat is p ea n oft m ntation l P1. P12 . P44 ste.,
37S C towe Ow "v o sa dUnipPtl1P2q)P4l

3Y4 C lv mums Is lee. ** dacito toed. and executed.
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377 SIX amomr

374 MWylIs(,)

379 wttWs6.-7 LIST 0F MATRIXELM ENTS TO USE

30D wils(6,1)

361 do 510 -1,fusma

362 ll-(fnum%().Y1)

363 l2-fttaaslI-4

304 wvtis(6.10510)Ln1.I

385 10510' - lma1U. - P",M1)

*316 510 continew

36 511 weliso,j)

30 wrlwbk.j'Etwr nmombs of matrix elementB foix t he o

380 uyllbe**Y~s 0 to misuws 4th main menua

300 .usd(5.)J

39 11040) Boo 50

392 M0(JI.o.j.XtaskXplt) low 511

393 C

394 c This readse w af notation for O te t' and converts to linear format

39 5915 wflis(,-)

396 wtlte(6.7iasisr the atrdx element codes for the W11

397 wreI47Enler them In desred order separated by spaces'

3M vrrlte6,*7e g If yout want PI 1,P24. and P34 then enier'

399 WH,It(.7 22 34-

400 wylis**)

401 Nad(5.j*lissy(I)ti-D

4M2 do M 1-1,1

403 l6(limpMl.eq.0) g-t 500

404 %emfM~-tsemp(l)4(P-ep~nt)fl4

406 Sotop)J1a~em~)g 1)54 515

406 520 ut

407 C

409 c Copy the lamp army it to the storage array

400 -hsa-
410 do 540 1-1,I'm%=u

411 54sm us)-mpI

412 800.300

413 C

414 C - Opftn 23

415 C

416 C This section math Uthe U of fbard wavelengths to be used by

417 C the 2-d uiiw whtsn mss melt of 3-d plate are made

4 416 C parallel to Use aw. angle axis.

419 C'The cwtarelleftisgiven In micro mets the memi ispltsed

420 C Use comics foad and eesuted

421 Go0u-ln

422 wriow)
4

43 Wfk&W*4Y WAVELENGTHS TO U.SV

429 d~o 601- 1.swksu

43 Isw*.1U00wisrfI

427 10600 %rtnaIPXl4'-

43 410 Owntbm

429 611 wr~oW*)

43 wyeWI/Inow Use nthsr of wavelergt fr Sot as
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431 wr(6)'etge 0 so return to she main menu'

43U "SdM

433 lfJ..q.) sow so

434 I9Q.L1.r.gtmaxcur) 5040 611

4M5 C

436 c The detird number of wavelengts are read into a femp army

437 615 wytte(6,-)

4M6 vIhe ')TnWe the dealed wavelengths In micro-meters'

439 wril(6,Yeeparaled by spain. on one line'

441 do 620 -1,1

442 W(MM"I)AM.0.) $-4040

443 l5(rmp#l)t 0.) 8040 615

444 62D moestn.

44S C

446 c The temp armay b copied Nf 0l values that ame legitimate.

"47 atwknf-j

441 do 640 i-1.nwient

449 640 wlenisxl)-nlemp(l)

451 C

402 C- Option 24

453 C

454 C This section toadeIn the tof nc anglestobe used bythe 2d rutie

455 C when cra sections parallel to the wavelength axis ame being made.

456 C The ment NIs presented with the menu.

437 C The choice Is read and executed.

456 70 contisue

460 wrtte(6,*7 INCIDENT ANGLES TO USE'

461 Wrtle6.)

463 do 7101- 1,nengf

463 wriee6,10700)ilangfx(t)

464 10700 foemat(2xi4,' - ',F7.2)

465 710 cortelrate

466 711 wytte(6,')

467 vli%,tE(.Vnter the number of Incident angles for list or'

466 wttef6,*'@le 0 to return 40 main menu'

469 ted(5."

470 100.0q0) 304050

471 IIQ.W.l.*r.j.gLutxcu') goic, 711

472 C

473 c eAd values into a temp army and check them

474 715 wrtte(6.-)

475 wrftt(6*)'Ensr the desird incident angles In degree

476 wvte*.*YaeprfAsd by apace. on one line'

473 do 720 1- Ij

479 sfeen~)h ow)ut 700

480 O~rtemp(W)gt 50.) 8M40715

40 C

48 eCepy " eey iy 4040 @esoe - Vall vale OK
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465 do 740 t-tnsW

466 740 an&ratp

4f6 C

489 C ' Option 31

490 C

491 C Wrt* ot wlent mt up fmr noemaltzatons

492 C Diqihy ams

493 C Ca tw mad

*494 OW Qetm

496 wrvhe(6,-y ANALYSIS NORMAUIZAISONS'

497 WIM06.)

496 wvlta(6. Casat mt upe

499 4(nl~eq.1)thes

300 w"tw(6,'y PY~-> PII
501 wve(6.*y ANfl 1 lohew a1d -> V

503 -M
50% t(n2.n..0) Owen

505 wYdw(6.Y PI~obod).> Podj-~bae)-V

504 wytta(6, vwe the basufaewa is

507 wwrhel0S05yAn~-,Ag. stierar,'Auto CoWnean aq Imgr,

so6 'man sq Wnope'
509 10803 b@ t(all 15,*15S1I)

510 wf*.l061)ninmnsn2),Auhnnqacoe(n).hmeqn2)aip*n)

511 10610 (MEmat S~A15ufS.3,flS3.3)

512 W~TN(6,*)
513 @1-. Wlnl.sq0) "wn

514 wAK6w* No normlimaftn in pkots
515 WrtW6,I)

516 on&(f

517 C

51s 610 Nw11 *)TnAW 1 for P4 -> FiID1v
519 wrI(6,*lnr 2 iv canM do wisin by P11I elemnir

33D 'I~fa*Ylnbr 3 1w PIXjod~c) -> Ptj(obiecstRtibaue).1

521 wrIWa6,ltntr 4 Is macel mmparonw with a bute smoe

522 wyt*.IauEnr 0 lo retun lo the min nwnsi

523 N 1(6)

524 redW~

4 3 WI .- I3t.4) to" 610

527 C

5X6 c i-i-> dlvide I'll by P11 ot m@Adn In uadff

529 t @@d am "* a%%u dwh hi v Ino

SWI30 1Ow

$31 .1-1

532 mU fhoeml(nl)

533 C

534 cM -0 -> doNOT dlde by Pl

535 OWa "4q.2) than

536 m1-0

37 UIwumv

su c
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M3 c n2-0-> U~rei no base material

SW4C OWndFaasti"ifor fnoqml

541 ese i ~q.4) Own.

542 n2-0

543 -11 ftwrm2(2.'* 'AC-)

544 C

545 c n2>0 -> Uwre is a bane material and its assignment number is n2

548 c print mom and gis base material's assignment number v desred.

547 c pan indormation to hnorm

so8 else iffleq.3) It-

so9 420 WWtt(6,-)

550 wWtte(,7EnTe "i number of the assignmente of the aho'

551 wvtie6,Ifyou wardto se as the base or

552 witsIyE,7aer 0 to back up a menu'

5W3 reao(,"N

5W4 iff.aq.0) glow 810

558 lfifamea.eq.'nmu') "n.

55P Wvlie(,7lht suraceo Is rot ssigned'

5No n2-)

5M3 c cla"~n the normalization makes all old data obsolete (use finlt)

5u5 low SW

588 C

567 C - Option 32

548 c

589 C This ack allows modiflation of pp size, color on/off.
570 C fUcluark donsi". Vri lines. curve thickness, and hkien line removal.

571 C The curent setupa is displayed In die menu.

572 5D continue

574 wrlse(C-Y CUMEN'T PLOYT PAILAMEJTMS
575 wuIW(,

576 wste*,l09l0)aals.,sl

577 10910 oemC( lieplot pps'.1.in. by'.,'in.)

578 Wvlt"8)

579 c

Mi Wi~tfll..q.1) dom

581 wiite6 *yCur distuished by coor

382 gin

543 wi(CyCa'vas distinguished by line type'

314 Owdif

596 c

387 wris,10915.smnar

M 10915 hruwlI' Theare .1 t marks per majior x-auis division'.

39 * I,' Thee eaf. ti mas per major y'.xis division')
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393 ~ Wemb6,YCM option for 2- and conor plo is inefe'

9" WftW*.10930)~nrdy

396 * 34 1e'J' fiRam ,1,id linesper mor ick'.the

39" 'on the yeah')

399 urtIe6,*YNo gil %nW.

Gm .nd

Go3 wvbt(6,1093OXndmW

409 10930 hauaor Curves on 2-d and conour plols am drawn',I2' dl'

606 C

607 if(Udde-aq.0) thm

us6 wrIbe6.*Y On 3- pia all lines drawn'

610 weiue6,*7 On 3-d plots hidden lines remov'ed'

611 ulif

612 C

613 WTIe(6,*)

614 wIN611

415 9%) uylb(6)yTae I to chaunge past size'

616 wrelW4Bf7nW 2 to change coloilllne4ype option'

617 wrI%@(675naErk 3 to change the lick maik densliy

616 vt(6,)'InWe 4 lo sodify the fid option'

619 wdWb6.*Y~nie 3 lo change ami tilknein on 2- and//

fix 0 'Conamer plow.

621 wrlb6,')'nkr 6 to modify U4 hidden lines option'

622 wili4,)EnWa 0 fa rean to the min menu'

623 INVlISIM)

U24 maffd(-I

625 MqAqO) low 30

46m ifI1etr..st.6) low 9W0

627 C

638 wade(6,*

629 c his m, onma i new paop a xsizeyaae

M3 e dihen mmaa the salne and passes Owen into wh aeplit macl2d. and uac3d

631 V~eldin

432 930 wft*.*The nmual page mba is 12in by 1.k

433 INlb(6,7Sur the x and y aba of tis page in inches

6 34 IN I~

626 Ue~.Crye.1.0.0) Pao 93m

437 minm~ahafmrL2

"13 - md d@S4aal.ymle)

642 C

643 c This option ctuagaa Sm way line am dietinguiahed

M4 c OW-1 -D. mW Cam spian. adiewime ima i e am I Ord

645 C Wigs INOI. pt a 'alid mpm fo and paalmal to @@On
646 OWm MA emn
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W4 lf(liefm"a) then

64 wwlW(6,7Cnlor option rat availlable on HM021W

409 aim

6W0 915 wilis(64.7Ensr I le dis ngu"s curves by coloe

651 wrW inbr% 2 to distinguaish cuve by Hne-type'

653 1110I. ort.L) gob 935
654 11041) than

656 1110

657 11,00-0

656 endif

69 call sedlnllol

640 Ondif

"I1 C

662 c This allows Changing the hIoft number of ti& marks between in a major divis
663 cGethlealvalues (r xand y axes dwn aw ong to plr

64 OWe ".*Lq3) then

665 940 wrl*6'Ta(675 the number of tick marks per major division'

6" wve6,Yalon the x and y axes in the allowed range 1..9'
667 wVOT16,')

46 ftsd5t*n ,cky

449 lf(nklcx.IL.or-nickx-gt.9) gala 940

470 I(UyIL.oni y.gt-9) golo 940

673 c This allows removing ged n e. &It topWher or oiuioltift *,a Twubet o draw
674 c go etal values the ifigni, ngrdx. and ngrdy

675 c lffgid-0 -> no grids odw whe ise agrdx and ngrdy as the number to nse
676 c pass thi Ino to sgrd2d and egaden

677 she lEOaq.4) then

676 945 wulia(6.7Eaiiar 1 lo turn the grid option off
679 w 6iWA thie 2 to turn on grid option and modify denslty'

601 W(6,*

46I rssdpY

462 WfILb.1.or.1.6L2) law 945

4U3 lfO~q.1) than

684 Wflrd-0

65 ese

66 Migrd-I

667 947 wrlm*.7Enfer the nmber of gid lines per major division'

W wrlhi*a~q w hx and y ases in te allowed rnge 0.9' i
689 wrlIW*4,

490 aedO0'pnkagdy

691 if(Wrd.a-nrd%.g*9) gab 947

M9 1ROgfr.I ngvdygt9) goss 947

G93 *saw

&94 -11 gWddOftgr ndytwe5 a)

495 -1 agadeii4figrdWngr dy)

on4 C

497 c This allws Ow amtoh change the number of times the curv is

M4 c drawn over *ae same path. This allows thicker curves spet aly for

M c aa 4n anspannosa. Get bin km draw and peass wi stpS.

746 ahe ODA")ie
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70 9W0 wtth*,7Eaibr the nmmber of time fte cures should be

70 wiW*Iy6~daawn to control thickntess'

702 wulle(6,We slowed imae b. i..

70 W(ndmmwklose.ndmwg.5 goto 950

706 cal otpltS(ndmaw)

707 C

706 c 11th allow the user to rmove hidden lines from 3-d picia or to put them

M0 c Imec in, Ualde-I -> ftimove hidden lines. Pasw inf so aphei.

* 710 Amre lf(Aq-6) then

711 960 wvma(*.7Enwe 1 to ,emove hidden line, from 3-d picas

712 wre6.ylnie 2 to draw all lines on 3-d plots'

713 r&%dp.,*

714 VQ~.hI~or.Sg ) gow 960

715 lfAltq.1) then

716 thide-I

717 else

718 ibilde-0

719 endif

720 a mt aiiildle)

721 endli

722 solo 90D

723 C

724 C - Option 41

725 C

726 C This option pica 2d epmsntln of date

727 c IRat altesm. there Ies a terial and a mtrix elemnen to plot

7X 1000 continue

729 lf(neuri.h.1) then

730 wrtte6,7fNo maiam in the -to use" lHsr

731 wethe(6,*YUae main menu option 21 and try again'

732 mEO tont

734 endif

735 C

7m6 lqnlumukLI) then

737 wvte(6,7N nit isoe ns, in the to use ist'

738 wrik7Uss mamin mma option 22 and try again

739 cal t

740 gobtso

741 andlf

4 742 C

743 c print amam and geo Ieo

744 c Opuses Iard 3 mmonly the let elent nmeaalitbdt

745 c w entir sagle IM and waengt Si IM pacively to delsomine

It746 c how many curves should be drawn per mix eIemn

747 c Options 2 and 4 mea the -A , 110h to dek amine how many curves eltould be

748 ctdeuwn pore memait and the 1st elemen of the angle Nos and wavelengthd

749 ci vemectivuly sat ed tof1 t pauspme oo mpr tia

710 1001 w no 61)

751 w IN Pf7Uaur she type of plot you wane

752 wIsta*Y 1. Spectral wit muip I sed WK. eagles'

754 wfft**f 2.Spectral withe aed inc. angle Erl. gob"es
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738 -Twrk.*Y 3. Angular with multiple faed wavelengftm

?57 vto4, 4. Acnplae with. a ied wavelength f I+ 14 mncts'

7W6 Wib(4.*

739 md pev

740 " aype0q0) Dow so

741 Wjolyp ILIo.r.ptype.gt.4) gVW 1001

762 C

763 c Optima Iland 2 onse sure them is t least one baed in angle

764 11q3-0

745 Vll" e.113) tha

74 if(mngf.-lI) than

767 wvlle6.")W'J lbed Incident angles in liir

744 wvIf(4*YUa min mano option 24 and Uay sin~'

749 cal rIv

770 $DbO 

772 C

773 c Optima 3 and 4 make sunt thwt isat least one bied wavelength

774 also

775 lI(nwlen.L1) then

774 wuia(6,*7No fied wavelengths in lie'

777 wylaep6*YUae min meats option 23 and try spin'

776 can Mnt

779 soft 9

763 c Got range for ". x-aie of the plos

734 1002 wulla(4l)

76 Wpelk) then

786 wd,It Y.Endav te rnoe on wavelength in mlev"o~m~ro

767 wrfia6.7Minkou end moxienumn separated by apamat on onv line'

73 Wowfl.L0.0.or.xmin.e.xnax) goto 1002

7.0 also

7.1 wuiia(,*EAI, the range on incident angle in degrees.'

7. wI~eo7'inlcana and mazimnum separated by spaces on oie Wbm

794 VmtoLaIhO.O.Orjxuax.g.90.0o.xmin.ge.xnmx) goo 1002

7.3 andif

796 c ll6g3-1 -> rlot alneady done one and only a change in x-ronge des' d

797 I~ldog3.eq.11) now 1012

7.6 C

WD c PONU so In awo what wil planed toallow the userto back ot

am watW()

362 weepy FLTC S~tU

an wyrokw*,

6 No 111.062Y a','mAaaqelpe
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810 su

oil C

812 w~e.11)li

313 do 1003 i*1..i.um

5141 T1-Cfnumql).1D4+1

31s l2-fiwMROl)4114

8M£ 1003 wv*.u10O)LInQu

817 1101 tm( Ther wil be ,13, oft. elements displayed)

68 110301 Inquma(l0, - VW21)

319 wue4)

mo c
821 W(pqypegLM2 dwn

322 W46.1100*vvinxm

324 Wd6.11040)smnKXUWe

325 endif

32U 11030 bmwat facit mft, element will be plotted vs. incident angle*,
32 I ,' in the tange fro. -.1 to ',5V degnmesl

I3 11O4 brmetc Each aft. element wint be plotted vs. wavelength;i'

$2 in Ow van@& (tom ',173' to ',(7.3,' micro-meters)

831 AWte6,*)

832 tl(ptypeq.l) the

034 do 1004 1-1.nV

335 1004 wvlte(6,l1052)liaugfx()

336 110500 --mt(' Pot eh mu, elmeant '.13 fied incident angles'.

337 * winbe wsd)

3on 110521101D~tO' .61

039 C

3O0 else tSp@eAq3) Owt

341 Wv40*I11054)mwleoI

342 do 1004 t-1,awtsnl

so3 1008 wib~lte6Ol56)Lwwen*Ml

S"4 11054 b*uie( Foreach ofte. elemnt ',13,' ed wsvelner ,

"S . WINbe ued)

344 11056 -tl0',VA.3)

347 C

so3 elseI

34o wulte*.110563m

381 INtb 11062Y1M4 V"an*,'Amp t t'WswimCoff. hw.',

382 'mean eq hgr'memn eq slope'

333 do I= i-l~mwmf

IN6 1008 mi manmrwr

307 111 1.

m tWptypseq4 2) daen

8t wIN 11l06)wleI*()

162 emw
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U63 endif

S8 W 106 bm( Pc each of. elmn L.adcawill be ued.')

US3 11060 format' The fad anle of incidence will be ',1.1)

M36 11061 fonsi he Fixed wavelength will be ',f7.3)

67 11062 h am*A..a3.A132xA13l~ 3.2x,13)
IN6 11063 lemt(14.' - '.Ugbha132xA13.2xfl3.3.2x.13.3)

669 C

670 cW Vte plot at up is W~re cefitift otherwise back up

371 wvle(6,*)

I72 1006 wfte6.7Enw I if dwis Is w.ve&

673 teelh6. ETnfor 0 to rtwi to Owe min menu

674 "0640.-1

673 l(Aq.1) ON* 1010

676 1110aq00) s- so

M60 Cnumpisdw nbeofmb elementso be ue(upto 4)

691 c .waoi is the number of curves per mix eA dependent upon plot type (plype)

862 1010 owttnuft

U3 .- thwn
66 fp*Mp.eq.1) then

Ms *Ie Wfp, pe.eq-3) te

667 nmcur-nweiW

69 c Wll -- I -> only one aurface material at one toughnesa asole

693 e Wll -0 -> oomporion of roiahnea peameters br one material
ON4 cfltgl-1 -> ownparbon ofmatedlland roughnesa isa aumed lo be same
M9 c W&ag-41- only oft fixed inc angle or Fixed wavelengthi is tused

6M e Wlhg-0 - multiple curves ceo nd to 1 ixed wavelangtha

697 c VhWg- I > multiple curves cntpmd to 1I + ied Inc angls

OR -.nt eq.') then

as tih*1--I

so2 1(pype-ecq.2.or-ptype-eq.41) then

S" ew

No anilE

999 UhgZ--l

910 owa

911 "A~pype-eq.l) thwn

912 1111W-11

913 eow

91 OW-0

VIS *aM

W164 4%-
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917 endif

Will C

9M c~hisis te c",a where the adial platting usceiled tar

921 1012 cal siplo

9n2 m-suzf(1)

W2 c this all draw* hesdifg display in the middl of the pegs

924 -0 b-da yln mumaogm)Au-n(acode(mn)),hnuqgm),

41 921 c this sectian dieswhich, If any, 4egnds need to be drawn I*

927 c distinguilsh the curves from one another

921 Wf(Uhlsq.O) duen

0 93D allie If(lMhslaq.1) thun

931 cal lgn~mu~mqhpmxut

in2 ese V gs.)dun

933 call lgwtnumcurtwlen~k)

934 ese lI(lo&2.oq.1) then

935 cal ipng(macu,aaigf)

937 c V e base noalzatasdn is in ~lc then give Uts stats in a legnd

9M V((n2.n*.O) thun

939 -1 Igbaenuut n2)adonnosde(n2))hsq(2)slgan2))

941 C

942 c This section coll the dae msnagemesnt routines to read in doe files.

943 c oe or mm mcaftemy be nemessry to feds

945 do 1013 1-1,nsuuf

946 Imsuffl

947 col treed (.nfnum,ftwmntnsme(m).acode(n),nkip(m))

946 1013 contiue

"1 Cal husdz(m~nnwmvtn nen(m)saode(m).usip(m))

952 alld~

M5 C

M5 c this is the min loop tor ach mfte element plot draw all curves in succassion

95 c Care Vretsa the cur v deta from heuge. Interpolates as luomry, and

956 c pute v.waue to be plowite n zray and yray.

957 c The AM Index in xrsy(..) and yray(..) is the curve number

495M do 10D - -lw pit

959 WtPtypeq.2ar-PtM-*q.4) thet

940 do 1025 1-1,numcu

941 am-mWg4

942 cmlcmrvasQm,numMwneknn(m)nwstm

9.4 1025 asdn

95 she

946 -- W~1)

967 -U mws*t,h=woum(I). ng.wnl ng(),nwengm).

%11 are knf hePtype wmptxnra y)

M.9 suN11

9M9 C
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971 cThis section finds min and am y value and sets up limtt for plots

972 C Then she phyalmil origin and salie 0f plot is met

973 c the axsa ame drawn and labele

974 can rw
2
dnmawxryxinnxmax~yaynunpasnaxcarmaxws

975 ymbt.Yom)

976 cal psm26(inampit,

977 cal axaa2d(ptype,fnumn()xminxnx,ymmnymax~n1,n2)

978 do 1030 J- 1,nuencur

979 c for ech cue change the line's appearance Is changed and the curive drawn

ISO can vosa(J

"I1 cel dolt2dfj-aitt,)x-y.ysyxmy1.yey1.umxcraxwin)

962 1030 onuim

9M cell ngr2d

164 1030 monihIMA

96S cal enplot

956 C

967 I040 w (W6.I)Ener 1 to change x-axsa range Wa samne plot fornuat'

9S666*)n 0 o return is the main unetu'

969 read(5.10

990 l".*q.I) soft 1002

991 110-0.0) low s o

992 ge o w4

M9 C

994 C- Option 4L2

995 C

996 C This section does 3-d plottng

W9 c mnake soe there b a Surface to use

996 1100 wntinue

999 if(uuf.ltl) then
low vW~s6,7N0 urfam in the to use lhst'

1001 wvlis(6.*7 Use main menu option 21 and try again'

1002 can rcort

1003 $00a50

1004 endif

1006 lP 1 1

1007 c get the desired one element

1006 1101 wrftis*.)

1009 wytts*Enae the aft elemnent position you want waing'

1010 wfte *Ythe mets oain

1011 wrlW6*Y*-e$g IF you want Pi1, P22. or P34 then enisr'/I

1012 'l '1or 22 oc34'

1013 wTIW6*.7Ene 0 to return is the min menu*

1014 read(.*y

1015 NO-011.0) 90" 50

1017 lqfut.1 .orA~etgt.16) Soto 1101

1018 c Whgi -1 -> visew pe and bowe range anty the naw but mb elegnent changea

1019 c OWh wumeseme IT

1020 tqllhgl 4q.1) gma 1128

100 C

1022 1102 WhgZ-0

1I= wIN 1)

MIS lilt"
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1015 11110 Ammui(' This plo will be I"e Mix. element l.02)

1026 wdl*.'

1037 C

1029 wrWltsII1062)1.Ast *'.'Aagn f'Mirar'ov c.
1029 m aan eq hgt'man sq slope'

1030 -susf(l)

1032 wvik(6,*)

1033 C

*1034 c get range for atIkxb which has wavelength into

AM3 1115 wutkv%I)

1036 wr6,71intr the range on wavelength (min cmxy
1037 wlW(6,y1nts I11 for ami m nging'

108 inamdP,*)nin x
1039 UletstecAqxax) goft 1130

1040 lfsninkt04oe.zama.e.xma) Soso 1115

1041 C

1042 c get range boe y-exis which ha& the inc angle info

1043 1130 wft%,*.yar the mange on~ incidient angle (main niax)'

1044 wvlWa(.)Tier I1I for aubD ranin'

1045 aed(S1yninyuux

1046 lf(3mla-q.yma) gofo 1125
1047 WiyminLIL.O.or.yaz pg90.0.ot ymm ~ge ymax) Soto 1120

1046 C

1049 c gol view point in attua of the plot box stat and locuon
1050 1125 wril(ilnter te v- point (xpoesYpoaxpos) in box units'
106! wilis6.11'he display box has Corners at (0.0,0) and 02.1,1Y

1052 wylts6.*7Uox point (0.0.0) has vahata (x~y~z)-(xminyminzmin)'

1063 wr0Ws6,7Uoax point (2,.) too values (x~y~z)-(xm~ax~ymax~zmas)

1064 walW(6.7Yx - wavclength. y - inc. ang. a - 71;'

1055 whtWs6.y)Tnte 0 00 to back up'
1054 wr1W(6)Enbe -3 3 3 for nonnal viewing'

1057 -sd(3,*)vavy~va

1056 tdvxsq.0.0.and.vy eq 0 0.and vi eq0.) Soto 110

10on lf09le vxand vx.le.2.snrd.(Ole vyankd vy.le.1 .).snd.

1040 (WPevsardvale.l)) den

1061 wYrie(.Y)D9o at puat tte view point inside the display box'

1043 goam1125

1044 oclf

1065 c Wohg-1 -> baoe range and oat el sayed the smew bit the view pt changed
41066 c skip uatmsary operations

1047 Ntft&2aeq.1) I-t 1150

1064 C

1099 1109 w Thus,~~ 1IF this Is corect'

1070 wsr%*.'fnsv 0 to r-%m t te nain menu'

1171 edCS.1)

1072 110.09.1) em 1134

1073 UIl eq-0) gat 50

1074 g90401109

1075 C

107 C

W0? c # us moss mmw tepupr that Is aveabie

1073 113 sa-DtaIl)
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1079 i-fnum(1)

1000 Inuol)-eft

1081 cal freiduu1elnmfnea(m),acode(m)nkip(m))

10112 01-j

1013 cal ffltdm..1tld)

1014 wtW(6.7mftek~m.IkId

1015 C

1016 c UTh detrlnea which data po ame needed to cover the iaae'e range.

106 c otherwise aubrunging takes all data poits.

Tom lEtxvmeqxnx) then

1019 bun-I

1090 bwm-nvlen~m)

1091 C

I09 c otherwise AMi smaellest x range that coers the usere range

1093 ews

1094 ii-1

1095 1160 tE~mn.gtwlentkm~imin).afnd.txmin.ll.nwen(m)) then

1096 bodn-txmnsl

1097 low 1160

1096 *ndif

1099 hmenax-nwln(m)

1100 1162 Wfme.lwlaa(mimex)end.hmerxg.1) then

1101 bgmes-tigtax-1

1102 "u 1162

1103 andif

1104 eadif

ITO3 l(sMin.gt.I) bumn-emin.1

1106 Wfhamait.nwlAerm)) txuax-txfmes.1

1107 c meet range o correspond to plot

1106 c IDfSPIA ehoulid support an unevenly space base grid through the SURTRN

1109 c comend but I culdn't ge t Ito work so the xmin and amex range need

1110 c tobe -maetsoeownbease grid epecing can be usad.

1111 xmin-wiankimjxmln)

1112 aama-whalmmknus)

1113 C

1114 c stakes sure there am enough ps to ake a decent looking plot

1115 vrI6.*Ytbux~lsmin'.bnwmxxn

1116 wrt@(6.7amldna,mx',xvlnm

1117 lf((brmeaxkartn)I6) then

111s wvfta(6.N40 enough wevelengthe forea good plot

1119 wviae(6.j)

113D Ilbmt eq land brmez eq nwtan~m)) gow 50

1121 @oft 1115

1122 idts

1123 C

1124 c do *a mw thing a the xawais

1125 WO-uin-eq.yua) theni

1127 IpuV-.ng(m)

11M C

1129 411111

1130 41011"-1

1131 1164 WO yn VAnglm%,f"~).&ndtymMtn.I.ng(r)) then

1132 Ial-pmu+
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1133 ao11"6

1134 andif

1135 tyma-nang(m)

1136 1166 ffvm.k~AngkmIymax).antd.ymax.gt.1) then

1137 tlyuiax-l x1

1136 90401166

1139 en"I

1140 endif

1141 ff(tymdlngt.1) "iyn-tymiln.

* 1142 16(lymaic.ILiiwg(m)) tymax-la+1

1144 Yu I a- n l( -," "ia )

1145 C

1146 c makes out there ate enough ps to make a decent look"n plot

1147 t((tymsx-ymin).It.6) then

1145 wT.e6'NO4* enough incident angles fore f ood plot

1149 Twfle6,I)

1130 ff(iymln.aq.lanid.ynx.eq.nankg(m)) solo 50

1151 golo 1120

1152 endi

1153 C

1154 c find the min and max of Pij then act up limita

1155 cfl mg3d(idx,ixmlnktxmex,lyminlym~axzmin.znax)

1156 wvtte(6.7ym4sszzn,min.gnax

1157 call aetltm(xminxmex~xl~x2,10.)

1156 CDR aetlm(ymlNyinacy1,y2,10.)

1159 cal setlav(smtnarax~a1.z2,10.)

1160 wt'lk(6,*'x1,x2,y1,y2,z1,z2'

1161 wt(6.*)e1.x.y1,y2,zl~z2

1162 C

1163 1150 con splot

11"4 c drawne ecption

1165 an head3d(1.malnm(m)adonm(ode~m))hmaq(m)sgam)

1166 * .tnl,n%2)

1167 ff(n2.ne.0) then

1146 cal lgbame~amt(n2),auanm(aoode(n2))hn3(%),op(n2))

1169 endtf

1170 c aet up plot ama draw ft aes, and then do the plot
1171 -11 petn3d(vevy,vz)

1172 cal -ax lx,x2, 71,72,zl~a2)

1173 mUn dofi3d(bnmax.O4in+ lyin,ymx-a).min1,

1174 * angl~wlnI.m,kdx,fwfk)

1175 canlenpiot

1176 C

1177 c Allow variusom diange without gOng to then main menu

1176 1180 wrte(6,1)

1179 wlea6.7nTa 1 for another view potnr

1169 wrfWa6.I7EnWb 2 fore different nib element'
1181 wela(6.ylSnir 0 to eturn to the main menu*

1162 -ed")

1183 lil-eq-l) than

116 *652-1

1185 P" 1125

1166 aba 11.@q.2) thean
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11417 mfagiI

11ft 80401101

it69 else ~~q.0) then

1190 sot 50

1191 landtf

1192 Bao 1180

1193 C

1194 C- Opthon 43~~

119" C

1196 C This ection, don contour plot

1197 c mistemmwmeris amsarlmto w

1196 13D0 conilnue

119" If(murf.ILl) then

1200 wette6,*No ewrism in Ohw to use list'

12D1 wrfte(6'YUse min menu option 21 and try sgain'

1202 call twnt

1203 sowto

1204 endif

1205 C

120 CS ofet tteeentdstsfif

1207 12D1 wrtte*,1)

1206 wtte(6,V~nter the mbx element position you want using'

1209 wrlts(6,7the matrix noixtion'

1210 wie(O,7e.g. if you went P1 1, P22, or P34 then enell

1211 * '11 or22 or 34

1212 Wa(6,*YTntef 0 to return So the min menu*

1213 read(5,*)l

1214 NfOleq-0) 8040 50

1215 elt-1W10)41

1216 if(et.ILI.or.eltgt.16) goto 1201

1217 C

1216 c print whet the plot wilt he of

1219 1202 oentnue

1230 1"11111001)

1221 wrlts(6.12110

1222 12110 fix utW Thae plots will be for mntx. elemvent PFt2)

1223 VW~s6,*)

1224 C

1223 c Use no moe. than the let four elemtents of surfaces lia

1226 lf~neurf-ul.4) then

1227 mam1"-4

1228 els

1229 msmphnuwwf

1230 tndif

1231 C

1232 wrlssei12119YAasgne' Material ''Core. fnc.,

1233 * ' aean ht.sq I ,- qsope

1234 12119 formt($,2l32:ma13,rxs132ms3)

1235 do1203 1-1,nunpt

1236 rn-sumar

123 121JO lsrmoPS13,lSh&134~32xnfl3)

129 13 nsms
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1241 C

1242 c pt wavelength and inc angle rage

1243 1215 Wvn%@(61)

1244 wrl67Izier the rane on wavelength (min waxy'

1245 mad 5)mKnxm"X

1248 ftmn.0..ormin~gtxrax) gala 1215

1247 C

1248 1220 witta(6,I'Eniar the range on incident angle (min max)'

1249 m d*,m

A 1250 If dILO.0.a.ywax.gt 90.0 of.ycmn.ge.ymx) gala 1220

1251 C

1252 c W dw uerou f he wea miake

1233 122B wyThe(6,*)Tntr 19I this is conec-'

1254 vnWyl6,Y)Tlee 0 ID return tothe min menu'

1255 iuad(5,*y

1256 If(Leq.1) Solo 1229

1257 'if-leq.0) gsob so

1258 galoI13

1259 C

1280 c readin the dthafr an the pota

1281 c MWn the bowe grid bounded by the use'es range

1262 c Pind amax and zmln over all the plots

1283 1229 am- --l.e36

1264 amin-14eM

1285 do 1289 I-1,mpll

1286 vn-mmI)

1287 1-fnumO)

1248 ftIta)-eft
1289 call fuuadz(mtl~fnumifnm(m),acode(m),nkip(m))

1270 fnu1-JO

1271 caU Nnd(mekix)

1272 wltb(6,*7m~et.'m,*kiLdx

1273 Ismin-1

1274 1280 tf(x n.g.wonliiin).and.mmnn.htnwen(m)) fhe,

1273 Isein-bmin.1

1277 andW

1278 tKax-nwle(m)

1279 1282 If(xnux h Ienlm,btnux).and.Ixux.g,1) then

12110 itmax-buxmax-1

11 aa1282 M

1393 C

12M camnlas ploasisc& bad 1-1hoota lat of baet points

Is1285".hu uI.se.h m

126 ifflemxUmin).11.) then

I2K INk(,7 enough Wavelength. for a good plot

1290 kVmvWLeq..And.kma.q.nvlei~m)) gao So

129 endif

120 ""-
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129 1264 WLYmfngr~ian,ImtyMh).and.*yfin%.tt.nng(m)) then

1296 lymo-lymhn.1

1297 loWI1264

1299 tyax-lag(m)

1300 1266 tf(ma.lAn(mtymuAsnd.iywa.gt.1) Owen

1301 - -1

1302 gow 1264

1303 di

1304 C

1305 111lymax-lymhn)tLO) then

1306 wwts(6.7io -%wuh incident angles for a good piei

1307 wulte(6,1)

130S tVtM-Oq-I~ndty-Aeqmng(M)) SOW 50

1309 30w 1230

1310 Ondif

1311 C

1312 c this can gath sin and nox for one plot only

1313 Can n~odixminimxtymniymxzmin.zmex)

1314 wttte(6,*Yzutn2zmaz2rzmt2m2

1315 lf(xmM2.lLamin) zmin-zmict2

1316 i(nXmw.gt~mux) amax-znm2

1317 c ovao bose SMl mimge for each plot sresaely

1311 lsmdeX(l)-t

1319 tsouM(I-bmn

1320 kmmmlkax

1321 tyumW)-tyuun

1322 yum(I)-tymax

1323 1269 aemntnue

1324 C

1325 c OMt up Ilmille and decide whet 9 common contaurs to use on all the plot

1326 cmU hedtn(xrMlmxx~x2.O.)

1327 cml setlmnmn.yvmx~y1y2,1O.)

1325 all w5t11I5(mhit.uzrnxs1z2,10.)

1329 w 76*x1,lAyI~y2,sIIsY

1330 wttts(6.')lIZyI.y~z1,z2

1331 delz-(es1)lyo.

1332 do 1270 1-1.9

1333 (-dlt)h

1334 1270 aimnm

1335 C

1336 con stplat

1W c maw heading as 3d ploas

1333 =ll haed3d*muef.fmht(m),Aulonmn(sode(m)),hmeq(m).sjpgm)

1339 *111.,4n)

130 Cpt alagend forthedw ata Nin

1341 can %Cen(M)

1342 l~n~tw.0) Owan

1343 can lgbs(nwbwn~suwnacod(n2))heq(n2),lgsrn))

1344 -ip

1348 cedo each plov t mq tomm butw ma ammawn aeo of cno~r levels

1346 4e110 M -. MANu~

1347 sk-mORDl

1368 cap pebv2 d(aumwkll

.3W&
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1350 * hfaq~m)lWM))

1351 -11 dot k-iM btkm )mn(I +.Iymn mx(r)y-nO)41

1353 can OVM~

1354 12M ed

1355 = mefiplot

1356 o

A ~1356 C In th main Permetw of t"l pbogram no aile have beeni made diinciy

1330 C to OESPLA. Thia awan anawro plotting library con be ued if sh

1360 C suhroeuas am mw vlt to peimi aw th unw taska as deeclbad

1361 C after thi. Thomn subroutines with direct cales to DGSPLA am noisd

1362 C

1343 Old

1364 C- End of MEAIN

1365 C

1366 C

1367 C- Subroutine rot m

1366 C

1369 subrinew n

1370 c lot she mar look at something and prompt him to contine

1371 Wfte(61)

1372 weite(6.7ente <RETUIN> to coninue'

1373 -ed(5,1)

1374 -we6.*

1375 return

1376 and

1377 C

1378 C

1379 C - Subroutinee fmeda. Inorm2, hn 1,i fint hupxh~

1330 C

1361 C

1312 C This wie.A hee NO Dimple ana

1363 C

1364 C 75uee mabroutiuwa along with ffid make up the dote mansgeeintecito

1365 C Sinn the dais Ones can be very long tise cti. store onMy the

136 C requamiedirw smorut. kwtead of uoring all P1tr each eurisce

1367 C only aea , sd mets s m etored.

1366 C Stunrage b I army Adex 1,nk~twln)

136 C Index in 0w numeber assigned by fe'eads and aen be deeied Oor a

A1360 C given I m asignmens ova *be and a given mot oh by Wind

1391 C Up to mamist IndWm am available. If fat Mil up then the oldee

1392 C index be neoe to meake urom for the next oe-

1393 C Per each Index she swithi assignent numeber, she aft all meum and age are saved

6 1394 C be army$ swift OK and al.

1305 C

1306 sumullnw fraea(mnaewNm~ieaeeode.wlp)

1N?97 epe wAxplwrf xan axw.axswnmaxdel

135 Integar &dwA code2.d-kp.nakip

1369 pereawtt(mawx-4..wxcw-7.meing-25)

140 parematr(moxwin-71.aaxmar-10.xdt-0

14B1owner awbde**.uPit ft

1402 bagar *wm)tM Wwwpt code~mip
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1408 kftWe uirffuuda).*U(mxdat).agernaxdat)

1404 blga dlt odu

140 InldW ll,n2,dnl~sdnftasp

1406 OmaraceissI fnanw~df~uneanen

1407 caman~owmu4,el

1408 9111f

1409 C
1410 C
1411 c If a ban. mutatfll is desired fe vaksm ame stored with assignment 99

1412 c so w hib can be used for vabbacion elsewhere

1413 li(n2.ne.0) Ownt

1414 Nag1-l

1415 *i"~-m

1416 m-VI

1417 trdif

1419 C
1420 k-0

1421 c o'.17 acces Increase date so that age of an index can be deternined

1422 date-da+1

1423 cm at requested foad already exsts

1424 do 2110 i-1.nlk

1425 Idx-0

1436 do 2115 j-I,medat

142V l Juftq.mnand.ld .q.fnurn)) idx-j

1426 2115 cotirea

1429 C

1430 c only rnad gfyom have toand put data Int the oldest index

1431 c also k mfte elernanta can be mead in one ahot so

1432 c more t*An one tndex maty be awailable

1433 If(Idxeq.0) "wn

1434 k-k.1

1435 alswh)-m

1436 oldest- 10000

1437 do 2130 J-1,utaxdat

1436 If1(apIGJle-oldaw) then

1439 -Ile-aprfJ

1440 Indaii(k)-f

1441 *ndIf

1442 2130 CoWIre

1443 colom Indsxn infomuto and date It

1444 wMfindwx~k))-,

1445 @Mo(ndax(k))-htnMil

1441 spI~fivkx&t))-date

1147 endil

1443 2110.Um

1449 C

1450 c k 6 #ntittbiw fftrofht ad
1451 W6kp0) tas

1452 NIf(Ig sql) then

1453 c f --Amn base dots don't do the base uuortnallaation becoue you'd aut0

1434 .6N roesdaeklxsA2kma2 e2nsipnlO)

1496 c atetee~ do the me&d% with the appropriate nomllsaluw
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M4y cal meadelRladeet.mamaxold kpnln2)

1456 endi

1499 endlf

1460 C

1461 cIfbase daereadirkthngo bad addo thdat foploafn

1462 tf(lWl .eq.1) than

1463 Itlaglo

1464 uM-MtMP

1465 3V402112

1466 eWINd

1467 return

1465 C

1469 C

1470 C t"l entry aampt new beae normalization info and eaves ft for fImadi

1471 entry ltm2(dn2.dlname~damdednskp)

1472 rn2-dn2

1473 fnsall-dwmame

1474 amodul-dacode

1473 rukWp-d-Wkp

1476 retrin

1477 C

1473 C

1479 C this entry aompisew ReNg for P11 normalization and eaves it

140 entry hwn rm(dal)

1481 ni-dnl

1462 return

1463 C

1464 C

1465 C "il entry is sed to throw away an old information when' normalizations

1416 C have been changed at at seartup to dlear the memory

1497 entry int

1410 asim-O

1489 do 2140 t-1.eauxt

1410 surm-1

1491 eWI.

1492 agstmo-1

1493 2140 continuae

1494 "aItun

1495 C

1496 C

1497 C t entry b used O throw away t daniton "ertang to a given

4 1496 C assignent number that hao been deleted.

1499 entry fuepdtim)

1500 do 2130 F-1~mxtt

1301 Ifbeeftcle.u) then

1M0 surl(IW.1

is" 891 .1

1IM 2150 mo"em

1W VI&n

Iwo C

1sle C
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1511 C - Swxwuuln md

1512 C

1513 CThis rtinek haNO Dwaapclls

1514 C

1515 C 1Th MUdalb khnalleU Indeing6 indto find " index Ioe a given
1516 C asalgnoment # and so A enibiou

1517 @mmdn M &I~Lndex)

1516 Intege eaxplLm,,wmaz nfuxw axwrmdat
1519 pamaw~fiazp-4.maxcu-7.--xng-25)

1520 pammmtwawfxwln-71,.,azar-10.maxdat-20)

1521 lmp.ar oimi,. dax'k
1522 hthga swr*madst).eldm

152 CmoIhu3 ~ l

1524 C

1525 c find am"d to squeid date
15SM do 2120 k- 1,atexcdat

1527 VMmadl(k).eq.m.8nd.aldOL).q.el) then

1526 Indau-k

1ism endif

1531 2120 conulnue

1033 return

1534 and

1535 C

134 C

1037 C Submine wadn"

1ism C

15S9 C This routine has NO Deple calla

1541 C This ubroutineradsin daanorya( ... usingthe given
1542 C index UKiiA UKI lalflnae. correlation code, and conmalizationa Provided
1543 C Twormading kuopaam poovided to moad in expeinental and Ilworaical data
1544 C

15s5 suroutine mae~d enkw ele.'vlt.6aemodeaIP.nin2)

1544 ime umxplLmaxwmmnwmxwinitw...mxda

1547 parafwkeewaxpit-4,mazcur-7.maxang-25)

1544 pmeaUOhf~axwin-71.amuir-10.inxdil.0)

1549 Integer lndxwuumpll).lrnmaxpl),nek

1551 hawgwr Ws. o~wN nong

1552 bv*We acode~nl.Xb2.l

1553 feal he1aaWdaR&LmaXwlnniatng)

155m Pleal .br-d,dmn0(6).q()

1555 Charmcuse13 haume

ism4 C

1557 aCamaa to~sb-od

1560
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Is" ra~lad~~~l1aln

1567 C

ISM3 c -d ove the proper numbehr of dots Ines for Otowtcl daes

1369 if (nklp.gtL0) III..

ISM0 do 2010 i-.lakidp

1572 2010 Continu

1373 .30

a1574 C

1573 c "ad in expdab

1576 c mead oe Un ow hrxparknonol daft

1377 c road in 16 values on 3 Unas hr each hiwen and iang

1378 c save only the dehd oive kho hl...)

1379 Ahooaazeq.3) dean

1IS0 do 3011 1-1,heahl

15111 read(11.ad-1)

1532 2D11 mn~inve

133 do 2020 lWen-1,nwee

15s& do 202 iong-1.eaeeg

15S mWad(11*ed-91lXdum(QJ.-1,16)

134 do 2M21-1,"k~

153 Ueilndui(zMW%-Wnglueadum(ekI)

15 3 020 asraimue

138 C

1530 c rood Indw Ieel la.

191 c hor liMO pmdud Male Ohes S ela ame saumed 0,

139 c mead in 3 Q values and 6 unique *e hor eade IWen and king.

159 c forPI I noaizaltion the Q velues cancel out.

1394 c aQ0<0 baanto d -> 0.

139 c do PlI revielization.

194 c gmbhn Q'a beck bet. the eft.

13907 c save only dnalembelaf i

1301 du.e(4)-0-

1601 -MXT.

I=5 dmll.

1404 d-40-O.

140 dem(13)-O.

-1433 dunK4)-0.

1407 C

160 do am 1le a-,ewing

1I09 do 23M lang-1.rnng

1610 ed1,n-1q1.()q)

1611 C

1612 nI 4q.1) dwn

1613 qp)-1.

1614 qM2-1.

1615 qw)-.

1616 ow

1617 lqC1.N.O) q(1)-O.

1613 liq.bA.) qM-0.
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1619 V~()0)q()-0.

1421 inad(1,1,weI-91 1)r,b,"g..

1622 C

1422 KqflI.q.1) Own

1624 b-bk

1U25 c-do

1626 d-dA

1429rn.

1631 C

1632 dum(l)-a

1633 dumv)-b

1434 dunn(S)-b

1633 dum(6)-c

1636 dum(11)-d

1637 dunt(12)-o

1634 u(1).

1639 d-u(6)sg

1640 C

1441 do 3w4 I-1,nelg

1442 WA(.cod.A) town

1443 hwwkf w's-q(-o~dedunq.I()

144 eOW lf(amodeItl) Owen

1445 bi~idcx(I.Ileafi~rg)-q(&code3)

1 4 4 4 li

1644 ndff

1649 M04 amtlnw

1650 snowf

1651 C

1652 c do basa mmlaatlmm

1463 c Aind whim the baft dae is Sawa

1684 c Po though and do mabucuc

145 §((n2.uw.o) then

lESS do IM5 1-1,nolt

1487 -9 ffind(9.*i&,2)

165N do 3M 1-1,nwien

1689 do 20m k1l.nong

1442 mndif

1448 cbe(1

146 c PIlW . a - m *~ in ading dae but don't kMl p,",.m

1449 911 wrbPlTmU ai~t mW & on uta IF

16M fi w h*.Tmhook IpsugaM anywayl

1431 Www ly4p7mmd at yor own utah
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1673 Iut

1674 end

1673 C

1676 C

1677 C " Subroud-s stploL. IZ2 stplt. WOt4 siptS. siplW *

1676 C

1679 C TIs oulene ha. DSPLA ,Mde

1661 C stplot oftn~ fte teminal, sea Fpe nd many plot featurs

160 C htpij2 8ipAG3 Op"i. sapmtS and siplt peso Info to stpiot

14164 bwer lbermdtens nt ldnclu,nckydacky~dirnd ra~w

168 -w idedihide

1667 ova

16" C

1609 c nominels I of dim terminal types

1400 Wtrm.@q.1) then

1691 cal tk41(41 IS)

1692 elme lf(item. q.2) Owen

1693 caN t4(4107

1694 e0- ff(lwemsq.3) *-ee

1695 ca vtMA

1696 sniff

1697 C

1696 c a a uew poge. send dime output to 6ot.7, set up page. sale for headings

1699 c and Ieprda setup dekltmtte for embedded commands for metwag.

170D c set up niecre. to do mean squae height and mean square slope symbols

1701 c set up ickd mahs. curve ticluwas, and set hidden kne removal status

1702 c

1703 cogbgnpIM

1704 calh idv(7,7)

1705 .3l psgs(2.*mac.1.*ys)

1706 ca6 hernts(stymc

1707 can noctis

1706 cog ampb

1709 cal baaatq ADARDr)

1710 3a aaIswre4UCIlme)

1711 cal alme@ChlMII twkeQP7yf(ht)H(EH.5)2(EXHXM1 Y//

1712 cto.roW Wtl.29)

1713 cog s2eamsWYJ(MXH.L25S(3LXHXE.5)2(EX4Xh4X,33)

* 1714 can xdkio)

1713 wo yddeanicky)

1716 cal d-iciv fdeaw)

1717 WIN Ide-eq.0) can nolile

1719 C

1720 C

1721 cpm In termiml cde

1722 entr O" d -

1724 n

17is C

1736 C
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172 c pan in Wik sark density

1723 smay 9Aqth3( xdnkx~iky

1729 nrb- - -

1720 nkky-dncky

1731 iu

1732 C

1733 C

1734 c panaIn plou smkngt

1735 entry pW ameale

1736 eac-wamlO

1737 Yac-yamle

1736 C

1740 C

1741 c pan in cutwe thickrw peminte

1742 etry stplt5(dndmw)

1743 nrmnwdndtaw

1744 rt"

1743 C

1746 C

1747 c pans In hiddnm lin, removal status

1748 entry siphb(dihide)

1749 Itlde-dihids

1750 rtr

1751 nd

1752 C

1753 C

1734 C Subroutine enpWo

175 C

1756 C Tis reqagirt has DISSPLA calls

1737 C

1736 C d*i routin, end the cunent paoe layout
1759 VMibouin enpwt

1760 can endpINI)

1761 dlosem?

1762 CON ira

1763 ew

1763 C

176" C

1767 C - Subreoutin, hadid

1766 C

1769 C This outing has D6SSPLA cm%

1770 C

177 r This ruti, put te cnter heading on the paoe
1772 CV Insall W2 inneep o Walle. and 141ag2 in option 41 b
1773 C

1774 subtbtlwmsdid(ntunp wanm.auaonm.hmaqlp,

1773 u-bnae~m~i2.wptMp)

1774 basger msiat ifl1ptype,

11777 Imlhuaqlp'wurenanil

1776 ChancM3tqjmr

17lt chueft"13 a

17W CheutW.1 at
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1761 C

1783 U(nuesite~q.1) then

1764 Oer.-

1766 Octiar-T

1757 endif

1789 c aet up plot area and lomtion to be ready for muameg waitnnds

1793 can wmph

1791 an Plivbom-0.)

179 can areawd(1.3 9.0)

1794 c pt In lot and 2nd tnes wing bhe slf centering hesdin routines

1795 clot UiB aminWltle

1794 cal hedinCACKSCATTER MUELLER MATIX ELEMEJI~ad'ir351.6,4)

1797 c 2nd lHn isathe malonal usmed line

1796 c kINdlting a comparison

1799 "Onf .eq-0) then

1800 CNN headhWCon"Aron of M86terilb'100,1 .3.4)

1801 c or the actual one used

1is2 *e

1803 call headin(tun/1'~ 71autosiVP -100 1.3.4)

1004 endif

1l05 aflhemdW -1001.3.4)

1806 CON hadtn(' 100,1.3,4)

1SO7 C

I8SM c put In a Umn duoculbng rough paramneters for this page

1309 c *eie a tement of comparison or

1310 Wf~n .*q.1) then

l611 aN masag((H.3)Coaipartaon of R~oughness ParametemS1

1812 * 100,3.0,9.3)

1613 c teactual vahmj used

1514 On.

l613 can @mm (H1.3MXZ1) - ,I0.3.7,9.5)

1816 00 mmalnurnq04,A3IJ?/ADU'

1317 Call mamgfXM7)MMIP(H5)2(EXXMX),0.*ABUT'ADJ1'

1s16 =l1 smaag((HI.3) (22) - OIXMX)5100.AIXTASU?

1319 ClNN wa~~0/3IlAU'

103 endif

1621 C
M 18= c One 4th lkne prowtm Into about the fied inc ano or faed wavelength

164 an uisaea(H1.3)Comnpartson of Inident AngWee 100,3.5,9.2)

1W5 c

is O M.*O...) thwn

1627 -1 -mng H1.)Compartn of Wavetengtlia .100,3.7,9.2)

tax c
1629 c put inthme In g F only onesd

1IW0 ons

1031 UerOyp.It.s) ben

182 &I mhmgfl(HIh7)(1HSL)O(1JVI4XM -5100,4.89.2)

1303 @m k~n.0.A~.A6l

1304 ell awiNg (155.3)0 XEXHX)S100.,AS(JT.'AKJI'
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1835 C

1AM c put in the wavelenot if only one used

1837 elme

1835 canl mewsg((Hl3M7)L(MIH.5L.A(LXHXMX) - S100.4.8,9.2)

1839 canl mISAot(wf104ASU?;,ADZJT)

1111W call .wIsCg(H*)M(M1)M(4XMX)'IOOABDU?,ABUT)

1841 *ldif

1842 ettdif

1843 c towe so that nori routine can have its own sub plot area 
A18s4 can endgrM0

184015 retur

184" end

1847 C 
1

184O C

1849 C- Subroutine lgnt

1851 C This rouine has DISSPLA calls

1852 C

1853 Cml 1%W ne puints the hati of masterialslooe,. Im used Insa comparison

1555 subroutine lgumunuwmnttnmnwxsursfscdsulnm)

185% Integer numcurtsurfnumbcur).maoxurscode(nwsur)

1857 Charactee13 aminm~msssur)

IM5 Characber13 auionm8)

189 C

1880 c deine a subplot ane. and display the info, changing color or line type

1881 call physorv..O.)

1882 call aresd(10.5,9.0)

1883 call mfmg((ltenaies.100.9.9.85)

18s" do 3010 I-1,mjmrcur

1885 call liuvea~l

1888 canl StrtPe(.8.9.9-.2i)

1887 call cont(9.2.9.9-.2I)

I1 cal eesetASW)

18o9 canl meaag(nmtnr(suriYp 'I/sulonrn(&c*de~urql)Y

1870 * '10019J.19.3,.21

1871 3010 coninue

1872 Call eaegSATMI

172 c end this auabplot

1874 call endgrq0

1573 mi

1578 end

1877 C

1379 C Subroutine Igruf

18510 C

111111 C 7%is muki-- has DISSP1A caons

1Am2 C

1853 C This routn prints the roughness scale ifs comparison is being made
1884 C

ins58 e nuisge. nummuw~mnncu

AM8 C
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low c set up aubPloi ame and display info while changing color or line IMp

Iw0 ORl phyaoul0..0.)

1891 call aneado.5.9.0)

1892 al- ea((IZ) (2.1.1..05

1893 do 302D i-l,mauw

1i9% canl neaM

1895 Call sft93.02.l)

1896 aON copt(9.%10.2-1?l)

11197 call rmetASHw)

S 1896 -11 uwkw(hwwq*suVRfQ),103,10.,10.1-.21)

1Is9 all -aua(HM7)M(M)M(4XHXEH5)2(XHX. -

1900 * 100,'AB3Ur,'AMM?

1901 Call mali O(slgarfMI),04'AEur,/ADr)

1902 302D continue

1903 all reset(SIE~TLfl

1904 all endgr(0)

1905 return

1906 and

1907 C

1908 C

1909 C' Subroutne Igwtn

1910 C

1911 C

1912 C This routine has DISSpIA can,

1913 C

1914 C This routine prints the multiple fixed wavelength& if needed

1915 C Very similar lotmat to, other legend mnakers

1916 C

1917 subroutine lgwlin(nurmcurwlenk)

1918 Inbsgr numcurl

1919 Peal wienfx(numcur)

1930 C

1921 Cal phyaoe(0.,0.)

1922 can arms2d(10.5,9.0)

1 92 -1 al mg(H1JM7)L(MH.L0(UHX)-.100102,0.g)

1924 do 303 l-1,nurncur

192 call lineuM

1926 canl Obtpi9.3.10.2..?l)

1927 aon connpt(9.9,10.2-.2*)

19n alil inUwtDASH)

1929 aoll .ualnowlenlxMl)104,1o.,10.1..r)

a1930 call memg(HJM)M )M(HXMX)-,100,'ABlMy;ADUT)

1931 3030 contmnue

1932 all rmet(SETCLIR)

1933 call ndgr(D)

S 1904 hfob",

1935 end

1924 C

1937 C

1938 C Subroutine Igang

1939 C

1940 C This ovilne los bSSPA ars

1941 C

1942 C Thi soubIne prifis out ths maltiple Aixed inc. angles itI opring
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1943 C very "Oa b Wwthr *Send mker.

1945 euruielpn(am- ,anfx)

1944 Integr numcur.i

1947 PAWl angfx(numcar)

1946 C

1949 can Plhys"O.'.)

190 can aheetw(1.9.0)

M9I 04 -ueeaH1.37XMIQ MH.SIXHX-1ol.,lo.1s)

1952 do 3040 i-1.mncur

1953 can brouaM
1954 call sUC9.3,10.r2l

195 C0 wiuye(.9,10.2.ri)

1956 mUil ueut(DASH)

1956 -nmu~ 1U'( I.-)O(MXDEXrx).100ABr'Anr)

1959 3040 minu

1960 canNmetgSErCLAI

1961 mant efdgulo)

1962 ur

1943 end

1964 C

19%5 C

1966 C Subroutin tHnae weil

1967 C

1966 e*ubmn tinueM

1969 Integr LficcinIdfl

1970 R-1l rl(4),v2(6).rV().r4(8)

1971 Dots rlml.,3.,3.,3j

1972 Date r2IS.,3.,2.2.,2.,3J

1973 Dale r3/S..10.54j

1974 Data r4,3..2.,3.,2.,3..4.,3J

1975 C

1976 IRWP&Dteq. 1) Owen

1977 I-bV7

1978 NQ.eq. I) can Kedr(ULUEI)

1979 Ifj.eq.2) can heducRcDa )

1960 I.q.4) mn edrccyANl

1961 lNJ.eq-3) -n -WKtuRE~r)

1962 VQ.eq.5) cel setdr('AC9ETA')

196 Wg.eq.6) -H reeeWS~tC1R'

1964 Vwj-eq-o) -n .etdqT'ELLow,)

1966 eh

1967 C

199 Lo~eq.0) can deal

1960 Vq- 1) -m ee DASH)

1991 lQ.eq.2) can mrowd(.4.4,tl)

192 NV-q-q) -m1 euemd(.4,r2)

1IM WQ-fq.4) -0 meo-4,3)

1994 Ij.eq.S) ml mrarod(.46.6,r4)

19"6~

1996 endif
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1997 C

1995 C

1999 entry utln(dfiol

200 and

205 C Subrm wdie

2005 C

2W0 C This routine has NO diupia calk

MW0 C This routin whum yamtn and ymx which should be betr imits for

2010 C meltng up an axis tihan the absolute values yl and y2 passed in.

2011 C round conhri how niny sIg figs ymln and ymx will contain.

2012 C raund-1O -> 2 slg figs, round-OGO -> 4 slg fig

2013 C

2014 subrouttne stilm(y1.72.ymfnkynax~round)

2015 Intege t1.WtRmp

2016 Rtel yl,y2,yumtnymmxround

2017 Real ylp.ylp.ylpp.y2pp,yemp

2015 C

2019 c find tine mlii and max If value switched around

am2 ltI~.St.y2) then

2021 ytemp-y1

202 yl -y2

202 72-ytemp

2024 Oendf

2m2 c Special case exist If 71 -Y2

3027 Wfyl-*q.y2) tha

202 tfty1.eq.0.) then

2029 yM4

2020 yas-I.

2031 s9e lWto.lt..) thn

202 yehn-1J'-Y1

204 sIN

20w ymhn-Sy

301 c otherwise bmsk the numnbets down

2043 tirw~q.0.) 72-1.A-*

2044 12-W lahlO(&b*(y2)).40)4

2045 W a-I5sloas7))4)4

2W47 ump-fl

3wi nl-M
no0 12-"u

an0 a
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201 C

2 c ylp and y2p hove amaimmnofI place left of the dec pt except
2M6 c i the special circumstance when that place is not a true Wg fig

2M5 3500 ylp-ylI0.lhat(2))

2355 y2p-y2/00.float(l2))

356 It(f(lyp).eq.Oand.iflx(ylp).eq. 1).or.

2W7 (lflx(ylp).eq..1.And.IIWcyap).eq.0)) then

me6 12-12-1

259 go* 3500 
A

206 C

M52 c found the numbers off on a commoni basis
3563 c hit phit limits lail inside absout values Just slightly If need be
3564 YIPP-"FlxyP-ourtY-u

2065 WIti-O.Oaniylpp.gt.ylp+.01/round) ylpp-yipp(1 .round)

3546 y2pp-lUh(y2proundYround

2067 wfj2.gt.o.0and-y2pp-lt.y2p.0/round) yzpp-y2pp.Q Idround)

2W C

356 c remove the normtaliation lactor

357 ymln-y1W(10.l12)

357 yu-ylpp(1012)

32 endif

2073 return

2074 end

20Y75 C

2076 C

2077 C - Subroutine carve

357 C

2079 C This routine has NO Diaspl all~s

2M6 C
351 C this routine fakes Info cut of data storage and puts It into arrays
32 C for ploiting. The data Is stored in 2-d (ormat, corv. pulls the data out
356 C asaafixof wnat a AxIncang or tpnsdata uta cof Incang
356 C at a fixed wavelength. Thet axed Inc ang or wavelength need not lie directly
IM C on a grW because this routine linearly Interpolats the between grids

3M C

356 C This routine fill curve nmbers hi to k2 of arrays mray and yray

3M Celthsrkl-1 and k2-nuarcur or kl A2

2M6 C

359 isbroutine mrve(llkb2tnkumilangl~wlentrnenginwenl,

3591 angFit,wlefi&ptype.nufptxrayyrsy)

359 Irtpgr maxltknescurmntaxngnxwlnntaxurmxdst

359 Parameter (fiapl-4,maxcur-7,msx~tng-25)

3M9 Paramata (maxws-71.ftavaur-l0,msxdmt-35)

359 Intege ik1.kh2.mmnngl,nwten.nunpata-w p"
3M6 Real ttIsel

am9 Re-l anguaouuwisnfx(nw)

3599 Ileal auuy(meacwuenwtn),ywsytamaajrmxwn)

2100 PAl fssxds,.ixwt~msxsng)

2101 C

2102 CamointsowW

2103 C

2104 c gsobWaef date swoap
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2105 can finmfn~m&)Appendix 

V

2106 c go doom as a fwdotl o( wuvelungi lot

2107 lE(mtpe.k.3) #-i

2100 do 400 k-kI,12

2109 cdetnma*-vRogd nc angle

2110 MWptypeeq.1) mlvi

2111 alk-angx(k)

2112 el

2113 alx-angx(1)

* 2114 adf

2115 mutpl(k)nwisn'!

2116 c And what gil 0.Nupnd to the inc angle or find gr"d for infoipolsuion

2117 1-1

211S lftnnl-D-afx 9- 46

2119 42 1-j1

2130 iRanSg&~iD-st&ak) SoW 4030

2121 ft~ngI(mnD.oq-afX) I- 4w6

2122 WQ.q.nangl) 5040 4040

2123 30400D

2124 C

2125 c do dv Wne plion to get data as a fwtction of wavelength

2126 4030 J-J-I

2127 hctI-(f'-ngy(a&n(in41 ngl(m.D)

2125 do 4000 1-1,nwienl

2129 m.)weImt

2130 -hkkt.1bdtrcfbdxL

2131 4090 Wondnue

2132 50404000

2133 C

2134 c inc angle bk t gilne exactly or requeuted inc ang fen outside grid range

2135 4040 do 40WMt-1nwlenl

2136 xwuAQl-wlenX-m.I

2137 yvmy(k.l)-fbtl.D

2138 4060 mdu

2139 4000 monflnha

2140 C

2141 c So data as a functIon of Inc angle

2142 aoe

2143 do 4100 k-kl,k2

2144 c doW ovine dv Axied wavelength to use

2145 "~tpeeq3) dvi'

a 2146 wfx-whWhAk

2147 eow

2148 wfx-wlui'(1)

2149 MN

2130 mmtpqb(k)-eng1

2131 c Wi Ow ine~c grid or gilds to Inltlae betwveen

2132 i-i

2131 ei'Ilm*j%.gLwfx) 50O04140

2134 4120 1-11

2135 i~wbrl(gm.D)gtwf) V-404130

2136 IR-whnIa opq-wfn) soft 4140

2157 wosoqivoosn1) P"0 4140

21M go* 4130
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2189 C

2160 c do the iterpolation

2141 4130 j-rI

2163 do 4130 t-1.nangl

2144 xn-hkl)-angtm.l)

2163 yay k.I-(lht.j+.r Es d,Ii)rIfaci+htidxj l)

2144 4130 wulin

2167 lio 4100

2144 C

2149 c bdoepoladon not toedod

2170 4140 do 4160 f-1,mangl

2171 m(.-uJml

2173 4160 coWtme

2174 4100 mconut

2173 endlif

2176 t,

2177 and

2179 C

2179 C

2130 C - Sbuinatw mg2d

2161 C

2192 CMils rouline has NO dias colls

2153 C

2184 C "i routine dosnes~ t absolue rmx and mmi of the y value

2133 C on a given 2-d pl Wo a single oatx eletnent in the appropriate zaxie range

2194 C

2197 maibmutitt mg~dnuscur.arruy~xminumx.yray.numpa.

21U B mlwurffvexvlnrminymax)

2189 bntee nuemurnmxcurnmaxwlnrnumpermcur)

2190 Wintge t.1

2191 IesmI uray~macwfmaxwln).ywuy(nwxcurrnawln).ymlnywx,xminixnux

2192 C

2193 c ninsum min max search steuw

2194 yanin-1.e37

2193 ymwc--I.*37

2196 do 4200 -1,rsmu

2197 do 4300 i-1.mwurel

2199 lmy(L.gr.xmlnand.xmoy(lD.le.awx) then

2199 tf ("l.gi.ymx) Yuwv-yweytj)

2XI) t-a7'(Dh-YMi) Ymmn-)ytoj)

23 1 .ndl

2294 C w

2XI C

2W C - Suboles prdeL SKed

3=1 C

-9 C This rotismo has DSSPLA call

9210 C

9211 C TIsb mo seas t e subwvoiplot arm fe 2d and owr, plae byv dividling

9212 C Owe pop lafi Ior 4 secton . Par each ph noober a Mteen so etio
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2213 C bArt up Ise

2214 C

2215 ouh e. p-?*-woaamItplt)

2217 Ral wa.Macxaleyaml

2218 C

2219 c -ng oina be do. on. physal oe1lin

2M2 I(mamplg a.1) dwat

ml can pI.,aem x..ryc)

22n cal lmh*Wi.21)

222 ane

=4 VWpk,0q.1) -11 PhY9DQ.*aC.51Syc)

2225 UWPl"e2) -4 o"WO.-I91"C.5.w wa)

221 No"L-q3) -5ml -r lac1.0-ywc)

222 HI~PlL.4) can Phtylo.(1.9xa1.-Yac)

2B c the mh% Aso be fmet sin' for multiple mubplota

2229 mlN bamkoea3..5.y~e4.SM.)

2nD0 can "t*h35)

2231 endkf

k2 ~ can are2d(9.s.6.5)

2233 meto

2235 C

2M34 *W thanby pass ew pW sale in 1mm the eninpw'o

2237 GaWiy ad~Dixmleyual)

2240 ttijmf

2242Z C

no4 C

2244 C' Submwikwa axea~d, agrd2d

2245 C

2204 C Thrftw to VSPLA cola

2247 C

23M C IWIS emit. dmwa And lmbe. the aze. for 2-d -i
2249 C

223"0 " Inh.. ma2dtW4e.Atraa1xnnxmx.ymiw ,.zaxn.n2)

2251 hwuAet Pypehbeul~rvw.IInl.n2

2252 au~e AM t L~ - c~r Wxn

-w 9-1a~~uazla.t'n~~n~1y

*2254 C

225 c PAPAe p m ove #Dr. x-exl

M25 V"Peype1h) lean

2257 -l snoe-(4)WAvla'gth in " (M)M. 10)

no abei

2263 - omc-"

Zia mAR uVO .100.-.A.-7)
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2M67 C

22M c doekaoit and sot up draw axes

2270 -1 Mdlm(Y-ymh t. 7 ,722.)

2271 con smple

2272 -U uvsf(x1.( 12.5 1Y1.. 1 yl.(vy111.,y2)

2273 con fltpi

2274 c putinViol lns if idcated

2275 tf~lr.eq.1) Wonf

2276 mUn clash 4F

2277 -0 S gin.ngidy)

2275 -1 '-st(DASH)

2279 ondif4

2281 se

2282 C

2W0 c pas in 1w .c~ number of grid lines for the x and y axes

M25 entr 9gd2d(dflpd.dngndx~dngrdy)

2M IStd-d"li

2236 Isrcdenwd

2257 ngpdy-dngrdy

2206 oew

2290 C

229 C

2M9 IC Sabrmtie makel

229 C

2M9 C TWi tmo has DISSPLA .1k6

2295 C

n29 C This routine prit, 9 I Pi " 1 P upbs)1or JRVI IVijI (bae).1

2297 C dependent upon whet nonmtahaationest Im ifft

22" C

2M9 subrouine mabekall~1n2)

2= I w hte l.n2

230 Chmavkel dna(4)

2302 0wData .,4

230 kVW-(lmltlv4+1

2304 WmIb(how 1T*4

2M0 c priw P

2307 * 100/AJ.'A EU.-AM

2306 eprintI'll

230 I((nI -q.1) Owvn

2310 =38 mP~~.)r.0/~lAut

2311 oniu

2312 v print ase11

3M3 l~n2.ft.0) #wvn

2314 ml Emg-P(H.Sy*cWne(1swykctntpilyI

2315 * (MXLIH.6)bse(32.100.'AKM,'AWMr

2310 epuinbse Psi

2317 URRt1-".I)thOwn

231S m8 muMYgH.1l4~M*4 .6be
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321l ondif

2324 C

232 * U nSubrat Ibast

232 C

234 C nib -- in baa D PLA mils

4 233 C 1Th routine prim ad Ow bio &bowth be in uppr left core

2331 C Ik primb aoe, am. fac. hookt and slop klo

233 C

2M3 eubmog lsb*Wae tnmabftusomhntuqvep)
6 2334 aa houuq~dg

2335 Chs ~ 3ooM

2337 c st upw mabpkt am
2335 .Uh= w.,

2339 mareeadwi.3.10.5)
34 con etwi(.14)

2341 cal moeagr~sse mocwiel -.100..29.7)

32M can WMee(maVP,00..95)

2W =1 mU .eeg(aumW/.V,10D..2.9-3)

34 con .uu (li) - .0.91

234 ca3 mum(7M(M)M(EB.s)r,1oo,'AKMu,'AKMt

2347 =I fieaMV~) - 1%100,.2A.9)

3W4 can ewdpr

2350 "I9mB

331 and

2353 C

2384 C SubraM'm dgtl2d

2364 C This vdhw aa DISSPLA mils

2357 C

2358 C This m~n achuily co. Owe ctuve drawing routines.

2369 C Variable dlawnlal of zvoyl and yvay1 awe wared because curvoQ
2360 C only w ow mc edy dlireiwoned oqtwm

2341 C

* ~2362 cubal we do 2dOcu.wwisxwav-yfymyary,lazcwut uwA)

2363 -W ~is Iaawtmw, wi
2344 anal xm(mum.mm y(w mnwtn)

2346 Real hwny1(rnutnpa yl(nwnpat)

2344 C

2147 c ca" bvo Veb*y Man MO- aays

234 do 44 I- 1,nMpi

2369 m~rw~l.

3370 44 opwa0-w~lw

W2 t sope t upby rat"

33732 a uilw .1)

W34 -1ie~wyliy.wm
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2375 Coll moatCEA ')u

2376 a m wat(DASH')

W? ~u
2m7 C

237n C

2360 c "n ca f mad tR do'off a mb plot when &R curvat dmw

2381 tth7 erd

2m6 mil ewidgrp)

2365 C d

2386 C

2WS C Submouttn doltMd

2M6 C "i roubm has DESSPLA eo~s

2391 C Wet roulas pot Owe data for thw 1d plot in a variably dimeuadoned

239 C 2-d army to eauc die requirweea of aumiatO

2M9 C

2m6 vib-outlw dkOLtM(bmlnK"hpminypt ang~whnlmkxfwA)

23" Intr hlxplOmxcurmxangnuxwinmxurimadat

2326 Parameter (nmaspl-4,maacur-7,mazang-25)

2397 Parameter (mtaxwla-71.mawaur- 1,mxdat-20)

239 Inteer hmn mxxtymlnityomxeixptiyptaimntd

2399 bNer viOA(maxwlnemxan&).4)

2460 Poal angI(aiaxmarnuixahi.wtenkrmugurmawln)

2401 Real ht-nmxda.wzwtn.-ng).fwthptt~u)

2402 R-1 x33rty33auemaete3..ety3.etup

2403 Exaemel x33mty33mwt

2404 Cwwwmoe

240 C

240 lya-ly-mM~ypbel

2499 "%rn-lym yme.1

240 c aab-aete3(mwlfiBlMn)

2410 c aakq-inty3(mA,fagynln)

2411 C

2412 c 00" dall kom wkap bite amNaler army

2413 do 4000 -bmilnham

2414 do 4W0 k-".tyux

MIS FwalQ-hut+l,k-lyuitn,)-ha(Id.jk)

2416 W00 en*^*

2417 C

2416 c doplot

2419 e nua~w..et..yt~vrc

242 C - u 3M o

am C
262 C TM meo haa No &orab~ e0

jw c
23 C 1TO muef~ v low e* wenh h fr a g aw xie fe m ewpit

4M~
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UM2 C oullw. This funcion was to be x3drmt and be used wit euhibno but

23M C Oant wabrosutne doesn swer tos work in diample on the aayz.

2431 C

2432 funcion Xnem1(j)

2433 howc ~vmwu~
2434 parmmetsw~ermmw-10.smaxwln-71)

2435 Wage kmfr~dbmw

2434 Ral wtlfif(fixwli),dwtll(asxsurnmsxw)

* 2M C

2430 c simmple Isn't It

2440 xzluwt-wlnll+xnsius.)

2442 C

244 c senrcoisithNoowaeeghfothgiesufcsu 0

2344 enr isis ulh~ esp e I the isto s~n) tafrtegvnere eg

2 4 4 4 l a a n -d is m d tn"d z s n

2447 doti4s-dim i

n o4 do 47 le -1. w " M

24 69 4 0 ax fldkm fi~l I

2m~ Bet-1.

2451 im

2m5 and

2453 C

2454 C

2455 C - P", ',,n y33sst, sety

2454 C

2457 C , his Funcmct has, NO dw*escls 

241M C

2459 C this routine Is JuWe 3nalu excelm that It deca with the Inc angles

2460 C

2441 function Y33-0lJ

2442 heb r izaruaagw

2443 parmmstmW.iusr-0..waang-25)

2444 bft dlyak Iya~n

am4 Illse angt1(asning)dm5glmJsu,uuixang)

2467 C

2446 733t-flglfQ#ymin1)

2470 C

2471 C

2472 enty set3mdtngillt3 sin)

2473 tymn-dtlymln

2474 do 480 I-I1.mmal;

2473 att)dnIm)

2474 400iemi

2477 se"3y-1.

2473 elmm

2479 sad

JMS C

2a1 C

Jim1 C-- Itolnem~
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2453 C

2454 C This routine hs NO disqibs clHo

2466 C the Is a nofasmitt a" m wrch procss in the desired range for the plot

2457 C

2469 mab-etkln n3dWde Kml xma~lyminilymszainjmz)

2469 Wager ..xptmxcw.urxsnrftx~swlncmxsue~mxdst

2490 Pararnater (mwwplt-4.mscur-7,z%&zsng-25)

2491 Pmmeler (mszxwln-71.amsaur-1,msxdst-2)

2492 d~er lxmkm sx.I~yymlnfymsx.I

2493 meal zatinjaax.Mlnxdmsuxwnwmxang)

2494 C

2495 Coman.4one" 0

2496 C

2497 mlsn-1.e35

2064 ammx-1..35

2499 do SOW i-btmKkmx

250D do 500 1-tymn.Iy-s

2502 l(bX.lxD.faml) amin-ildxI,D

2566 SM mntines

2%04 return

2506 sfud

mW C

250 C Subroutine head3d

2W09 C

2510 C This routint hass DISSPIA cons

2511 C

2512 C "i mOutie pent te mandee heading for 3d plots and contour plot

2513 C

2514 subsoutins hesdd~riafanunAuu hnwmsg,*l.n2)

2515 btlgsrsesno

2516 ?-1I hamecalso

2517 ChsemcIs3 MtWtMaUmatn

2515 C

2519 c sa" umbpicof"ue

2550 -0 phyeor.0.)

2521 m1 sresd(2.. IOM)

2522 con helgue.26)

252 mUn msmagr~dbct r Mueler Mat Element ,1000.9.10.)

2524 mU utshsEal.n2)

252 ON hetgh.21)

225 c if Oew is only oes matiatl on a conoqa or (or on 3-d plows ritI

252 l~nwrf.*q.t 1) an

30 can mosemeuwb 'avmnrW/0,SW.29.7)

229 cm hlott.17)

1500 cal amsgsCCl) - ".10.3-1.9-45)

2531 cm haum,104/ASUlr,*AMU

2532 can tm~g((H.7M t1(MP45E.)2(EXHXX).100AU?.A3Ut

ml magog =2 - S1t00.'A9LU1'AIU?

Md3 CON Mal 9 4.'AWI 'AU

2M sle

296 c muherwhe primt cmaperho
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25W call orosmg(~ofporimon of Maeriasa.100.3.4,975)

25M ondiU

2539 an uusstf4!1Ct

2540 cal endgrtV)

2541 ua

2%42 .wKd

2543 C

2544 C

2%45 C- %uhm kw pb3d ucW
2546 C

2547 C This vwout hee DESPEA cals

2546 C

2549 C l. rmusing misup Wth pegs, are for displaying dv 3-d plot

2550 C

2551 eubrmjei pMO*-,vxvyvz)

2.552 Reel vX.vy~vz,"CmysXmile~ysmm

2.553 C

2584 c scaing of physical origin is Wmponent

2M5 c sot view pt is aimo do.. hmr

2554 CON physoro I. .25,uc)

2557 cont Udwd'S0.1.9

2556 cal vola3d(Z..1..1.)

2559 cal vusbe(vxvyva)

2560 m

2561 C

2562 C

2563 c this ea"r paws n ies saing I&~ to use

2544 entr dld(-aml.yoalt)

2545 xoc-xemle

2546 Ys-yumh

2567 t.I

2549 C

2570 C

2571 C Submusi axs3 ,. . .

2572 C

257n C This routine has DISSPLA cals

254 C

2M7 C This routkim sourp 6w and plots ite 3 aes on 3d piot

2576 C

2577 smeksooqfthw &mSee(x~X2yl,y2,1,z2)

* 2573 PA xel e1Zy1,y2,z1A2

2573 C

2530 Can inxanrg(40.)

2561 cal ,esanp.)

S232 cal lovig#t(.21)

2W6 c imaw them

2"'1 -1 z3nsm ()Warelenod i (h47)M(h4)M-.100)

2565 CNN y3rmme((P4)kCtde 9 Angle In deg.. 100)

256 con 2mewr -.100)

W5 ca7 mU ipb

29 c dimw flats

USW as GsyS
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2592 efud

2M9 C

2394 C

2595 C- Subroutine c

259 C

259 C This toutlin has DSSPLA ails

2M9 C "i routinei prnt fte legend of the contour leveis im the upper right onr

2601 wutbuiu igWnvt

2102 RealVsi I1)

2603 C

2604 coi phymoir.O.)

2w0 call afesaiwt.51O.5)

26W do 590 1-1,5

2m607 alilneexO)

2606 Can sjtpt(9.7 .10.2.21)

260 canl wmnnpk(.2.10.2-.2*i)

2610 con -eserDASHt)

2611 all reaUwhl~l21).-3.10.3,0.1-.ri)

2612 M
9

0continue

2613 con rweei(SETCLI)

2114 an endgr(0)

215 vtt

2116 Ord

2617 C

215 C

2119 L7- Subrouttns axe",i sgvdcn

2620 C

2121 C This routine has DISSPA cails

2623 C "hi routine names and plot the axes for contour piot

2w2 subroutine sine xI*x2 y1.y2nurfmnmuoww~hm 4 ,s,)

2126 bkpv hi-f.lrd.dgdngrdxngrdy.dngdx.dngrdyr

212 lesi xll.x2.Yly'2.hffkq,.iP

am2 CwmecP3 atabumaulonm

212 C

2w3 c name Ownm

2131 anl ymnsfgl.)

an3 anl yuunwCP4)inctenl Angle in deg." 100)
233 col xnae(9P4)Wayelength in (M7)M(M)M.,100)

am3 anl utapis

3m15 ePlot ftm

am2 can gm~x1.O2-xlOx.y1(y21 1ly.,y2)

23w7 O al m"i

am2 anl hth(21)

3W6 c Nf maislsew reng comwpared write rnsteri data over each plot

2141 O~nmwf.gt.1) ten

mu ~ mUl ame iftWm~f tisuwnrr -,100,0.,.6)

3 eel .wesag(Z1) - -. 100.'ABmfi-:ARMl-

2144 am ,ms~wqw104,'AUK r.'Autf
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a"6 cal mU w((M7)M(MI)M(24.5)2,00/AD~rVADU?)

a"4 can WMSg( 92) - -,100;AKUr,'ABKM

2647 can ftsnopiAIU?;,A D1')

2646 cel reset(VIEICMr

'"9 ewudif

2650 c draw grid lines If desred

2651 If (trd.*q.1) then

2653 -11 grid(rigwdxrnrdy)

* 2664 -11ussstrDASW)

2655 ef

3w5 C

2656 C

2659 c this entry passes grid line info In

2660 entry sgrdcr~dflgrd,dnkgrdx,dngrdy)

2661 illgd-dfllgid

2w6 ngd-dngrda

266 ngrd-dngrdy

2665 en

2666 C

2667 C

2666 C Subroutine doften

2669 C

2670 CThis routine hsNO displ aflhs

2671 C

2672 C This routine delermines the point on each of 9 contour levets of the

2673 C coresponding 3-d plot

2674 C

2675 subroutine dothmlndhptsmirtdiyptsasnglwleni~msurf,

2676 * l.,zl,z2)

2677 Itoneer mszp~mwawntxangtmxwlnmxsurnmaxdst

2676 pammeterasspt-4mxcuf-7,msxsng-25)

2679 parentl vmaxvln-7I,axstr-10.mxdt-2D)

26m Intege kmln~tedbqtbxxmln~dlyptaiypymx

2661 Itege murtlx~flvl

2662 Integer ldlc(4).ldt4)

2613 Intsee hk(0DD).hK(100).hd(000),n

2664 Reel asgwxur axseg)wlen(mxsurnmaxwln)

MI65 Real wwtmsxwlnamxanej

2666 eal f(Wuodeammixwntraang)

2w3 Real xny(1000),yvay(000)

am C

2m6 Coafmmneft

269 CommoV~etivelwth&.hhl~hdfwrklxpbtlyp

2692 Dat tdk.iim.10,-I,,0-1,0f

2693 C

IM9 c m~e proper range of dat From sage @a to the working 2-d array

2695 k -dimpis
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2699p"3Ulr~ln~mn

2700 5t~~(w Enllmn

270 do 6100 1-burlnbunnw

270 do 6100 kL-iymnyma~c

2703 fwt&4J4xff"+1,k.4ymin.1)-futid, k)

2704 6100 continue

270 C

2706 C loMop through eh of 9 levels

2W0 C Masigning -6as of &Oehe lines to each

2706 do 6110 EM- 9,1.-4

2709 Sb-

2710 vl-v(M

2711 tflvleq.r(tM)) then

2712 kloc-b0

2714 lwolv 002+1

2715 endlf

2716 C

2717 c &Wn all Pkcea where the contour line Paid between adjacent wavelengths

2718 do 6112 k-i.txpwi.

2719 do 6112 1-1,iypts

2720 call lmUneK16lI)

2721 an hltme(k+1.l,3)

2722 6112 cmntu

272 C

2724 C lfnd MIN Place where the conour line rinSe between adjacent inc anla

272 do 6114 1-1iiypw1

2726 do 6114 k-1,txpus

2727 con hhme~lt~l.)

272 an hhtmekl+1,2)

2729 6114 continue

2730 C

2731 C

273 c tdhgl-0 - workdig on edge toedge contour,

273 C lWSgl-1 -> wokng ondosedontour,

2734 Mfagi -
2733 Irav-0

273 6130 Nlftl.oq.0) gain 6110

2737 kav-.i

2736 ilb-0

2739 lIldhg.aq.1)VgWn6133

2740 c AM n dgewttvy pown

2741 'u-I

2742 6131)11*40dCI-sqandhk~n).eq ) golo6135

2743 Vhneqadhnatybgo6135

2744 tIdn)-*.2.and hk~n).sq txat) gato 6133

2743 llhd~n)*q.3.&ndhl(n)eq1) golo 6135

2746 t~qn.N t) golo 6133

2747 hfnl1

2744 go0n6131

2749 C

273 C pik k as " uAM% for dI Ose IU Ofinu.ve it and copy N

2731 6133 Ilimet-I
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2733 1e-1110)

2754 idO )

27S5 aihb-hlto+

2756 h4IIII(VIIIHNv

2757 hl1(lift)-lav

276 hd(Tt) idefv

273 a-i

2760 C

2761 c -- u Inteled x and y value in the plotting array

V 262 6135 id-hd(n)

2763 k-hkn)

2766 I-hIs)

2765 kp-k+iffiLpd+1)

2766 lp-I+IdlWld+)

2767 "pi-"p+'

2766 xl -u3mat(Ir

2769 yl-y33muIMI

2770 detfjkvy~wk(k.y~fwwk(k~ldk(ld.1),Idid,1)$4wk~kl)

277 Xmy(1p9-(33-at(k+kldsl))-xlydelfxi

277 YY"-y3-+1)).~)yrdefyI

277 c remove hit from list

2774 "dn)-hdolhft)

2773 hhn)-hk(Ihit)

2776 hlkn)-hlt)

2777 IS-be-a.

278 cawe K you amat theend ofdpeto edge

277 hal I.eq.0) than

2730 if((td.eq.0.and.heq.bpa).or.(d.eq.2.and.Leq.1).or

2761 *(td.q.1k.eq.).or(Idq.andl.qypt)) twn

2732 all curvc(xmy~yray~icarIp,)

27m boW6130

2784 endit

2785 cuetif you a.,at therendof led bu

2736 ae

273 t .Lawsvand.Losq.bvand.id.eq.dav) 0"e

273 "~Pbwgt.) then

2789 al cmrcn(mryymayjtmi,It)

2790 OM613D

2M9 andit

2793 C

27W c daetiu Writ at the ramt hit Ow~uMd be

27W c " isdwast ofecde ti t Isnotralyossbe odocmnthave

2797 c Ow boa wyu ndIt isto do apencl and paper rn

279 bp-p+&Od41)

=30 IPP-IP+tdImtdpl)

2w0 #Pfvbgpplpp).$L"d tn

3 bww-lpp

=4- b- idn0dpdw

no ala

an lypp-h.I*(Ip.1)
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2807 Ippp-l+ilddp~l)

2106 V((hM0MppIPP).st.Iew) than

200 knwp

211 Inew-IPPP

2111 Idnew-id

2812 els

2113 knew-k

2814 Inew-I

2115 idnew-idp

2116 endif

2117 endif

28 C

2119 c findthenew hit in hitwe4

2131 6138 lf~hk(n).eq.knewasnd.hl(n).eq.Inewandhd~n).eq idnew) Soto 6135
2122 U(neq.ilila) than

21U3 soft 6110o

2824 endi

=15 n-n+1

21M DOW06136

213 6110contlnue

M19 eId

2830 C

2631 C

2332 C Submousne blme

213 C

2604 C T1his soudrw has NO diaspla als

21U5 c

2M3 c "bi rouine deteamlins If a base pt and a direction consfituies a hit 6wC

2137 C the given aolui level

2108 c

2M3 subroutine httmevb.I-)

2940 bug,, axwVI.inang

2341 Pamnfuelawn-71,aosng-25)

2142 bWWga 1k.MPh(000)~hl(0DD).h(0D0).iXpesfypFS

2144 Peat lefwrWAmawnnwzsng)

214 C

2147 pete tdkPdW1,0-1,1,-1,0

2148 C

219 t6Ihbj)geV-kw then

214 bp-k~t*m~t)

2151 l'-I+fld(uu1)

215 Ownu~lphesl tha

233 atff

au5 hftu)-k

-M bd(aftl)-M

2157 -nl
2w 4W
2w hu

2136 oad
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M3 C

2M C This Uia tood 4fw~

U" C

3', &NK- -wW
mu bftWd

3n9 i-dd+14(PMd+)

am eiu

31 Val

372 C

37" C

374 C , S,*.miin carmm

375 C

37& C This route has DESNLA cals

37M C This imilnas pickS Ud wwurs a any othe 2-d oowv

379 C a oechio cior hond% ac" am~ae *very other owtnbur a dashed line
2m3 C

3w5 Real .",M~~s

2M6 .5"

- *nNw

391 .M meotrDASHI
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APPENDIX VI: DETECTIDECIDE2 USER GUIDES AND SOURCE CODES.

AVI.1.1 Introduction to DETECT.

Program DETECT, written by Mark Haugland, analyzes backscatter Mueller matrices
calculated by RETRO. Both DETECT and RETRO are written in FORTRAN 77 and set up to
run on a Cray 2 under the UNICOS operating system. The program serves two purposes:
(1) it locates optimum angles of incidence and wavelengths for use in discriminating
between a contaminated and a dry surface; (2) it then identifies those Mueller matrix ele-
ments that can be used to discriminate between contaminated and dry surfaces at optimum
beams angles of incidence and beam wavelengths.

AVI.1.1.1 Outline of DETECT's functions.

DETECT functions in the following manner:

1. Read in two output files from RETRO.

a) Either normalize all matrix elements to f 1 or use the selected auto-correlation
function.

2. Write a heading block to the output file (unit 9).

3. Compute Equations (37) and (39). The program does not enforce the condition that
these values must be larger than I x I ,,. and t y I . The user must decide what
these values are and make judgements accordingly.

a) Sort the terms in Equations (37) and (39) so that they are in decreasing order of
magnitude.

4. Write to unit 9.

a) The subscripts of non-zero terms in Equation (39) in the order of largest to smal-
lest terms. The subscript of the largest term is followed by the subscript of the
next largest term and so on,

b) the subscripts of all non-zero terms in (37) in the order of largest to smallest
term. The subscript of the largest term is followed by the subscript of the next
largest term and so on,

c) Equation (37), largest term, subscript of largest term,

d) Equation (39), largest term, subscript of largest term,

e) the angle and wavelength at which (37) took on its maximum value over the
range of wavelengths and angles in the RETRO output files and the maximum
value,

f) the angle and wavelength at which (39) took on its maximum value over the
range of wavelengths and angles in the RETRO output files and the maximum
value,

g) the largest value assumed by any term in (37), the subscript of that term, the
angle and wavelength at which that value occurred,

h) the largest value assumed by any term in (39), the subscript of that term, the
angle and wavelength at which that value occurred.

5. Find all local maxima and minima in k (imaginary refractive index) for both materials,

6. write all local maxima and minima in k for each material to unit 9.

AVI.1.1.2 Input Files.
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DETECT needs five input files. The first file is 'FILENAMES,' which is used in every
run and contains names of the four other files required by DETECT. In addition to names of
the other input files, 'FILENAMES' contains code numbers that determine which auto-
correlation function the program accesses for the background material, which auto-correlation
function the program uses for the target material, or whether to normalize all Mueller matrix
elements to f l

AVI.1.1.2.1 FILENAMES.

An example of a correctly edited file is given at the end of this section. The line-by-line
format is as follows:

A- filename containing RETRO output for the background (base) material (up to 15 charac-
ters);

B- filename containing RETRO output for the target material (up to 15 characters);

C- filename for data output, unit 9 (15 characters max);

D- filename for commentary output, unit 8 (15 characters max);

E- filename containing the background material's index of refraction as a function of
wavelength (15 characters or less);

F- filename containing the target material's index of refraction as a function of wavelength
(15 characters or less);

C- The code number (IBCOR) determines whether the auto-correlation function for the
background material is Gaussian (BCOR=1), N-8 (IBCOR=2), or N=6 (IBCOR=3)
(integer);

H- The code number ITCOR determines whether the auto-correlation function for the target
material is Gaussian (ITCOR=1), N=8 (ITCOR=2), or N=6 (ITCOR=3) (integer);

I- The code number NORM equals zero for no normalization and 1 for normalizing all
Mueller matrix elements to f I. That is, a value of I on this line causes the program to

analyze -  rather than f j (integer).
f11

AVI.1.1.2.2 Accessing RETRO output files.

Program DETECT analyzes RETRO's output data as a function of beam wavelength and
incident angle. The wavelengths and incident angles in RETRO's output file for background
and target materials must be identical. If not the same, DETECT will quit and write an error
message to unit 8. For more information regarding files generated by RETRO, see Appendix
V.

AVI.1.1.2.3 Index of refraction files.

These files are the same files RETRO accesses to compute the dielectric constant for each
material.

AVI.l.1.3 Output files.
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DETECT creates two output files. The first file is for commentary output should some-
thing go wrong, the second is the DETECT data file. The names for these files are the inputs
to program DETECT found on lines C and D of 'FILENAMES.'

AVI.1.1.3.1 Commentary output file.

This file is opened as unit 8. Unit 8 is sent various values for debugging the program if
something should go wrong during the computer run. With normal operations the only writ-
ten input to unit 8 are error messages indicating if wavelengths and angles of incidence in
each RETRO output file are not equal or if the number on line I of 'FILENAMES' is not 0 or 1.

IL In DETECT, several write statements to unit 8 have been commented out. They may be rein-
stated by removing "C" in the leftmost column on the line where the write statement
appears.

AVI.1.1.3.2 Data output file.

This file (written to unit 9) contains four distinct sections. The header block appears at
the beginning of the file. The second section contains data from the analysis of RETRO's out-
put. The third section contains maximum quantities contained in the second section. The
final section contains local maxima and minima of k-values for both materials. The format of
the heading block is as follows.

A- A description of the base material,

B- and the target material.

C- Present if line I in 'FILENAMES' is 1. This line is a comment to remind the user that
RERO output was normalized to f 11.

D- Present if line I in 'FILENAMES' is 0. This line has the same value as that of line G of
'FILENAMES,' to remind the user which auto-correlation function for the background
material DETECT used in its analysis.

E- This line is the same as that of line D, for the target material.

F- The number of <h2>'s, cr,'s, X's, and 00's used by RETRO. If the number of <h2 >'s or
cr,2's is greater than 1, the second and third sections of this file are repeated in a nested
loop where a2 varies more rapidly than <h 2>.

C- A comment that the next line is the <h2>'s for the background material.

H- <h2 ;>'s for the background material.

I- A comment that the next line is the r2's for the background material.

J- 'r,2s for the background material.
K-

" M-

N- Lines K, L, M, and N are the same as lines G, H, I, and J, for the target material.

0- A comment that the next line(s) list the wavelengths,

P- and those wavelengths used.

Q- A comment that the next line(s) list the incident angles,

R- and those incident angles used.
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The second section of the data output file is program DETECa's output of the Mueller
matrices. These data are generated in a nested loop where 0o varies more rapidly than X. In
this section, there are three lines of data for each pair of Mueller matrices read in. In addi-
tion, every time the wavelength is incremented, a line 'WAVELENGTH string' is written with
wavelength value as the string in p.m. The format of this section is as follows:
A2- Wavelength is written here each time it changes.

B2- The subscripts of all non-zero components of y Equation (39) are listed in decreasing
order of the magnitude of the component. As an example, suppose ys > Yj > Y4 and
Y2 - Y3 - Y6 - 0. For the y described above, this line would read 5 1 4.

C2- This line is the same as B2, except it is associated with x of Equation (37).

D2- Values: Ix 1, ly 1, j, (xi)., i, and (Yi),

where;

I X I is calculated from Equation (37),
l y I is calculated from Equation (39),
(x)j,)  is the largest component of x,
and (yi),, is the largest component of y.

The third section in the data output file is repeated once for each combination of <h2>
and or, read in. This section gives the user a general idea where to find the most interesting
information in the second section. There are four lines of data in this section.
A3- Values 00, X, (xk),,, k.

(xk),,, is the largest value any component of x assumed over all combinations of the
incident angles and wavelengths examined.

00 and X are the incident angle and wavelength at which (xk) x occurred.
B3- Values Oo, X, (y,),,., k.

Same as A3 except for y.

C3- ValuesO0 , X, Ix IU, .

00 and X are the angle of incidence and wavelength values for which I x I was maximum
over all combinations of the incident angles and wavelengths examined.

D3- Values 00,X, Iy , Iy,.

Same as C3 except for y.

The fourth and final section of this file lists information regarding the indices of refrac-
tion for the background and target materials. The purpose of this section is to identify the
correlation between resonant wavelengths and interesting behavior in each material's Mueller
matrices. Four subsections are ordered as follows:

A4- Wavelengths and values for local maxima of k for the base (background) material.

B4- Wavelengths and values for local minima of jK for the base material.

C4- Wavelengths and values for local maxima of k for the target material.
D4- Wavelengths and values for local minima of k for the target material.

AVI.1.2 Instructions for running the program.
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The steps required to run DETECT are now presented. DETECT can be executed after
input file 'FILENAMES' has been properly edited and all of the other input files are loaded.
Execution time is short, thus there is no need to run DETECT in the batch mode. Typing
"detect.run" after the UNICOS prompt "bob>" will compile, link, and execute the program
accessing data stored in 'FILENAMES.' The executable code is stored in "detect.xqt." To run
the program again during the same login after changing 'FILENAMES,' simply type
"detect.xqt." Do this rather than typing "detect.run" to avoid recompilation and linking.
Before logging off, remove 'detect.xqt,' for it is a very large file. The object file 'detect.o' was
removed by 'detect.run' immediately following linkage.
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AVI. 1.3 DETECT SOURCE CODE.

I C TIU work was done for "v CUDEC on "v Aberdeen Proving Grounds

2 Cidgewood Anea.

3 C 71%b work wa dciv by S. Mark tieuglund under contract DAADOSS19PO427.

4 C

3C Thu purpose of thi program Is toa&d die user in locating combinations

4 C of backscottr angle and wavelength of optimal wse in dlacreinating

7 C betwee a background (baae) aurface and dv surface with

a C an apilly thic layrer of contaminant on top of it (largoi tmerial.

9 C 7he tlem optiay hik restriew dv

10 C Muele m'si elements which are of any wse lo "hu that ame

11 C larger i magnitude for dw m inani than for the background.

12 C

13 C DETECT function in the folowingl manner.

14 C 1. Cjn the Ro PIN'AMES and read the following Input variables Ine

is C ?.NNM- the nmey of RM~fO outpu file for ft background niatrIsl

16 C WNNM- dv eawn of ftElNO output file for the target material

17 C CUINM- the nume of the Rioe thisaprogram write. mvults .

Is C COMNMt the mw of ft file this program writea comnmentary

19 C output to

30 C BASEtlK- dv name of the Rhl contining fth background nuierlars

21 C hidga of refraction as a function of wavelength

22 C TARCNK- dv name of the fie conulning the target mearlara

23 C Idexe of refraction as a function of wavelength

24 C NCOR- code number dvt selects Ow au's-correlation function

25 C to'se I convtrucing dve Mueller mastrice for the

26 C background matrial

27 C ITCOR- code number Owi pelects dv auio-correlatlon function

28 C 'o s I comtructing Ow Mueller matricea for dve

29 C target aterial

U1 C NOSM- code nuamber'so determit whethe DETECT will 1,rOctv

31 C Muellermvie or Muelleairhice normalizedto

32 C 1111.

33 C 2. Open and read 2 outpu lle from REMKO. Theae files contai

34 C informsa -n wdeo to coiwiruct a soi of Mueller matrim

35 C fortdv 'sugut and dvbackgrown materis

36 C a) aldv normal lae's11or cogutw nnonud Mueller

37 C mal.. wirng fte auto-coqeleitlon luncione requeaiud

X4 C byUECOftand TfCON.

39 C 3. Write a hadtng block 's dv data output file (unit 9)

40 C 4. Compus don discussed i "v DETECT wset's manual.

41 C S. WUs dBIN 0 WO9.
42 C 6. Open dv ffilm conteing dv hIdew Of refracton aa a

43 C Sudeof wa vetouNgt for dv bows auerial and fin

44 C all loaf mate and aihila# of in Oat Mv ie. Writ

43 C thim veall and ft correapanding wavelengdvt tounit 9.

46 C 7. open ovw u mas in dv Indiao - of rhfoctioa as a

47 C P- -'- of wa-velength for dv target mwaral and find

46 C al localvjg and maInims of kt In that fie. Writ

49 C Utwam vm aild dv a waponin wavelengfil to win 9.

go C
31 PROGRAM DElICI
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12 REAL l4MSQLT(1I4HMSQLJ(15),W~0)WLEW UJT(OO),ANCLa(Oo)

5) REAL ANCLT(I00SCSLBU(1)SKCSLT(15).FR.10ODI)

34 REAL "*10.l100)IM6.M( 6),pLQ T3)6W*)RALOr*)

56 REAL ANKM3.(4o)ANIC"X(o)WLNuN(4) WLNMX(Mo

56 REAL WINMNO)ACLMN(O),ANLMX(SO.PMAX(S),PMN(O)ARR(6)

37 WJIIG IUCOEfCONOM "MSQ.NSCS.NWLEND.NANGENHMSQT

so M4EGUR NSG;ST.NWLEN.T.NANGT.NMINNMAXJUA(6)

so CHARACTERIS ?1INM.IN2NMoUNMCOMNMBASENK.TARCNKPNAME

60 CHARACM-13 LASE)AAT.TARCMAT

61 C

42 C This block toads Ii npts from FU.D4AMUS and opens A of them ecp

43 C OW 11,.t Conwni the indlmaS Of refraction for the taipet end

44 C background matesrias wh ih am opened in itt. subroutine SORMI.

45 C

46 Of9(UNIT-7,PILE-PlR4AMESj

67 READ(7.'(AY)IINM

44 OPEN(UNI-0.PLE-IlNM)

49 READ(7.*(A)-AI2NM

70 OPENf -11KFE-42NM)

71 RtEAD(7.(A))OUTNM

72 OP9EJ(UNrr-9PIE-OU1fNM)

7) READ(7.(AyCOMNM

74 OPEN(UNrr-8.PILE-COMNM)

73 READ(7;(AY)BASENK

74 EEAD(7.*(AY)TARCNK

77 C

75 C Tis block reade in corwod varisbles fromt unit 7 which determine

79 C whtich, autobm isation lwtction to use Wo the base mnseuiral andwic

W C tafteyreion function to tue for the terWe material. IRCOR determines

1111 C which auorr functon to tue for the best. lDCOl-1,2,3 lor Gaussian.N-S

52 Cand N-6q repetvely. lTCOR performs the same function as IRCOR except for

83 C the virp matenlsl. There are two options for normalIzing the Mueller matrix

44 C ehusenta. NORM-0 noa normaliattiodi is used, NORM -I sil Mueller matrix elements

as C am nomalbad toPlI1.

16 C

97 READ(7.*XDCOR

as IEAW(7)NOR

39 C

91 C This black nub lthe heading; block From units 10 and 11. Units 10 and I1 sam

92 C Owm o"~M fImr two separate runs of RMIO. Unit 10 , ui- ins the data on

92 C Ow base mete It and tut 11 nth e date on the torge material.

93 C

94 IMAD(I0:(AY)RASOAAT

96 WAD(1,'(AY)TARGMAT

9 IADpIO.100)N)9lOQSNSCSR*jWI12G.?ANCa

97 READ(11.1O00)NN -jM~q cT.NWL5fT.NANCT

go IWO0 POWAAT(41O1.4)

39 READ(I0.I010f#Hh5QLW4MJLI.,NHMSQ6*

14 READ(WIO~l1XW Sft8(JIL-1.LN9S)

14 MLAD(l0.1010WANCIL).IL-lNANCS)

W ONAIM11.101MAHMSQLTOWJL-11"IMQ1)
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106 RUAtD1IOIOXANGLTCTL).IL.NAC)

107 1010 PORMAT0E12.4)

1011 C

109 C This block dtca If the wavelengths and the angles of incidence for the
110 C baat and the target uastriala are the uame lIthe wavelengths and the angles

III C ame fwe the same tat both sets of data, the program atops and writes an error
112 Cmamse 10unit S.

113 C

114 (NANGU.NEANC1)GO TO 990

115 1F0CWL534T.NE.WLEB TO 990
116 DO 77 IL-I.NWL9EIS

117 D-WLENE(IL)WLENT(L)

11I IP(AIS(D).GE..001)GO TO 990

119 77 CONINUE

120 DO 76 IL-1,NANGB

121 D- ANGIs(fL)-ANGLT(IL)

122 IP(ABS(D).CL.001)GO TO 9900

123 78 CONTIUE

124 C

125 C This section puts a heading in the outpt file so that the user can Indlex
124 Cte dFAI.

12V C

138 WRZTE(99000)BASEMAT

129 W00 PORMATDASE MATEJAL. A 13)

130 WITE9,9001)TARGMAT

131 9001 POSMATrIARGET MATERIAL;,A13)

132 tPNORM.EQ.1)THEN

133 WRJTE(9901)

134 9010 PORMATCALL MATRIX ELEMENTS ANALYZED ARE NORMALIZED TO Pill
135 ELSE WO(NORM.EQ.0)THEN1

136 WRlf",9D1)MCOR

137 9011 PORMATCCODE FOR AUTOCORIL FUNCTION P0R THE BACKGROUND
124 - MATERIAL .25)

139 W1iTR(99012ETOR

140 9012 PORMAT(CODE FOR AUTO-CORR. FUNCTION POR THE TARGET
141 - MATERIAL'Is)

142 ELSE

143 wUITEAu)
144 522 PORMAT(IU.ECAI. NORM')

145 GOTO 992

144 UJDIF

147 WWF910)H -QBWS.WEBAG

148 W4RflE9.7<h-2> loe the bowateta

149 WRfl9,IOIOXH5M5QL3(IL.IL- 1,N1MSQB)
ISO W1flR(9.7esan "qre slopes for the base amexr

151 WR.1~q010(SI^S IL-1. S )

152 W4RM,*Y<%2> for the target mnatexis

153 W3IlE(9.1010xHmSQLT1LIL-1 .NNMSQS)

154 WRflE(9.7wmn sqmme slopes for the tort amertar

153 W3JIE(,I010(ISLMT01L)L-I1NSlGSs)

130 WUrMh9,yG waveh~.* e

137 Wf9,00WLNm(I)IL-,N1UN1)
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193 W3IV11QXANCL3IL)LIL-1.NANGS)

160 C

161 C T1his blAok made In the actual date needied to conwuct the Mueller jiates

162 C lee both the bane and tailget mahirlul. Each insix eleaent is tested for

163 C angle anid vravelength reponses. The nwan square height a&d slope are held

16" C constant for all Wes. 1h1 waning of the subscripts for the armay*

165 C PU(K.,34) and IrrKD,lt) sme as, hlows K is the matis elemnent

166 C CK---P 1.K-2->P12, K-3--'M2 K-4->F33, X-3-->P34, K-6->P44.

167 CD misubs b the wavelength and U4 malas to the icident anle.

ik166 C The daom b mead i 'or each amn aquam height and slope as a hunction of

169 C angle and wavelength. The tst am perforated on the data her each wavelength

170 C and angle.

inl C

hi172 DO go11l.MMSQB

173 00 91 12-1.NSIGSD

174 *TSTMDX-0

175 DpPMrX-0.

176 RADMX-O.

177 DO 92 D-1,NWLENB

173 WRfli(9,9100)WEN(13)

179 9100 POtLMAT(WAVELENC1H',E12.4)

180 DO 9314-1.NANGS

161 2000 PO6MAT(6E12.4)

132 READ(1O.2000XQ3L).1L-l,3)

163 LEAD(1O.2000)((L).IL-l,6)

184 REFAD(ll.2000XQT(IL).IL-l,3)

185 3EAD( 11.200O)XFrl(L),lL-1,6)

186 C

137 C This section ampusea and nornmaie the Mueller matis elements

1s@ C and does moms analyses.

190 DO94 K-IA

191 IPQ"OSM.EQ.O)THEN

192 P3KDl4)-Q@U(IDltP31(K)

193 Irr(k.4)-QTMrCOarrn (K
194 ELSE

195 NP3(K ,14)PSI(KYMP3(1)

196 PDj)-l(Ktvfo)

197 M.4w

198 C

199 C Camful with putting a sero in the de wO btahr. Should oe of the

3W C maat t eleet he sem. &@signi a value of aem to the term that it

201 C belongs I and poceme sal. Also, set all tenns which have

202 C PB>Irr equal to sarn becuse the target is aseumed optialy thik

30 C

20 W(A3SiTMlC.14)).GT.A1S(P3k.j)))THEN

06DK)-F(KD4.P3(D~h)
20 IKWDU).NE.O..AND.Fr(13,1.4).NE.O.)THEN

20 RAT-S RT(AWWT MTPU(K.13.1)))

n RATLODCMK-DfPP(KYUAT

3w ELSE
210 RATLOG(K)-0.

211 ~INDW
212 ELSE
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213 DWM(Q-0.

214 ILATLOG(KQ-0.

213 534W

216 C WtflI8A0)AW(P 3.4)As(T(Kc.,))Dw(c

217 C WMEN LNLN~.QNNowfEA~~p()RTO.

216 8001 PORMAT(312-4)

219 94 CONTINUE

230 C

221 C This bla cft All a operations that are done on the mix. alemetnis

222 C holding the angle and wavelength cotasnt. This t"p of IMa ahould
223 C give afe an ine which wavelength and angle of inredene 10 use, and
224 C whlc Mueller onsaix; gleamn* am of nos uae.

225 C

226 CALL AMM.ERATLO.A~kANW)

227 WJRfT0.90I9)(,OCA(hM4),M-i.NoF)

2211 C WUTM0,9019),lKtA

229 C WMnE(S,677)RATLOG

230 CALL AMTXEL(DIPARR.KKA,NOP)

231 Wlff9,9O19ICANh4MMM-1,N01)

222 877 PORMAT(6Et2.4)

233 C WWTXl~qoi0)CKA

234 C W3Jftp(8S77)DP

23 9019 PORMAT(613)

236 CALL lTATDWRAThOC.IMAX.DIPMAXADMAX AXRDPJSROC)

237 WU~r.O22)RADuSO.uwLMX PMAXLAxdAMAX
239 902 PORk4AT(2EI2.4.flO.4.E12.4,flO..E,2.

4)

239 C This If block finds the maximumn difference between any two mastrix eleme~nts
M4 C and save, the wavelengh and incident angle at which the mnaximumn difference

241 C occurrd. The mastris: elemeng aubscript is Also saved.

242 "PA%(DPPMAX).GT.A5(OIPPMX))ThD.

243 DWFMX-DWPM 4AX

244 IMX-IMAX

245 t*NX-t3

246 lemx-1

247 53*0W

248 C This Nf bloc finds the isiges War, in the army RETAOC that o~~d

249 C dw wvengIM1kth. Incident Angle, and mabscrip aft also inaved.

230 IP(A(UADMA).T.A9(RADkM))H

251 IADM4-RADMAX

232 LJtMX-LxMAx

253 bUtmx-o

234 kitMX-14

25 VNOP

256 C This Of block finds Ohe incident angle and wavelength at whicha the Eucldean
237 C distance is at a axembe"wen 11w sat o(daS (Or the tagt aisatal and
3311 C tw be amsook.

an9 W01D I.CT.TT41q fEN

no T5MXIAI
361 "DMX-D

262 isDMX-m

263 ENDW

3"4 C This blad 11IS the 6hciden angle and wavelength at which

268 C RLOG tak oun *a amelamino vatue.

268 CM.CT.3WCXMVEN3
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367 3LOGMX-ILOG

270 EJDW

271 93 CON71UE

272 92 CONTINUE

273 WU1W(9,911)NG1J(4MQ).L3WfX),DtppYMX

274 WRffI(9911)NCUP~nLEtMV(Dg,ADX LRM~X

V77 9101 PORMATC3EI.4,1 11.41)
Vil3 91 CONINUE

279 90 CONT4INUE

36 C

381 C Tis gechloi Ands all loal maxim, and minima in the imaginary part of
32 C I Ie of refiaction of both materials being compated. The purpose for this
283 Ci b t Identify resat wavelength. and to investigate the relationship

234 C between the Index of refwactlon and the dependence of the Mueller matrix

23 C on wavelength.

36 C

237 PNAME-BASENX

US CALL SORlNhKPNAMENM NMAX,WNMX.LM NAN1JAJJIMAX)
-8 WRITE(9,91 10)

290D 9110 PORMATCWavelengthe and values of maxima it k for the base

291 matleder)

232 DO 170 U-1.NMwAX

29 WRflE"y911 )WLNMXft)ANICMAX~ff)

294 170 CONINUE

295 9111 PORMAT(2E12.4)

296 WRflE(9,91112)

297 9112 PORMATrWavelengthe and values of minim. in k for the base

298 -maleeia)

299 DO 171 11-11.NMIN

3W WRflEA9,9111)WLNMIN(l),A,4XMI(1)

301 171 CONTINUE

302 PNAME-TARCNK

303 CALL SOalN)NAMENMNMAXW XWI.P.JM AN 41.A.NKMAX)
304 WUZI(E099113)

305 9113 PORMATCWavelengths and valuers of maxim. In k for thse tsrWe

W6 MtwibP)

30 DO In 0-1NmAx
p30 172 WR7E911)WX(U).ANKMAX(U)

306 WMfTE(,9114)

310 9114 PORMAT(Wa v I*elt! and values of minima In k for the target

311 *.Intia)

312 DO 173uI-IM

313 173 WUUI(9.911I1)WLNMINOIANKMN()

314 GO TO 991

315 990 W~iEPAD"00
316 SM0 FORMATCINCOU3ICT INPUT DATA CHIECK( UNITS 10 AND 11I AND MAWj
317 ISURE THlAT THE SASE AND TARGET ARE KING COMPARED POD. THV

316 rSAAN! WAVELENGHS AND INCIDENT ANGLS)
319 "12 a,.mn7

33 CLOSMp
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321 CL05i49

322 CLOSWO1)

323 a.OSE(1)

324 991 STOP

325 ED

336 C

327 CSUROUTINE MTXEI".

338 C

329 C ThIS iMtIli SONI the affsps aw"Mlm tef in the dlaie ion

330 C UM of TZSTAT In order of largest o smallest. The purpoae of o thi I

331 C We Win " whid t k~ stemet ame moat useU at a paficular

332 Cs en& ofinckldwe and wavelength.

333 C

334 SU3ROUTh'JE AMTXELE4x.Y.KN)

335 3JTEM K(4,lCK6)

336 NEAL X(6LY(6i)

337 DATA XICI.23.4.A1

338 Y-X

339 K-KK

340 C WRfTEBANS)y

341 C WuItn"Aah)x

34G SM PORMAT(4E12.4)

343 DO 100 M-1.5

344 DO 100 L-lA6-M

345 IP(A35(Y().LA3S(Y(L.1))y7MEN

346 T-Y(L)

347 Y(L)-Y(L+1)

343 Y(L#I)-T

349 fT-K(L)

350 K(14-YIC)

351 lc(L.1)-rr

352 ENDP

353 100 CON71NIUE

354 N-0

358 DO 101 1-1,6
336 F(O).NLC4N-N~t

357 101 CONTh4U

350 u11JUI

3M END

360 C

361 C -SUBROUMtE TSTA7'-

362 C TIs% foulnse wmagnlttde of the vactee (arras) DIF and RATLOC.

363 C 11810 fine the largest ant. and the &abertpt of that entry low

364 C sekiay.

365 C

346 SUOVTM4 T2STATMI ATOGMAXDMAXADWAX,

367 *UMAXIACIJSULOG)

3W3 DRA45M0 DIP*),3ATLOQQg

369 RAD-0.

370 RADhAX-0.

371 RADRAT-0.

V72 DWPMAX-0.

373 DO =5 L-IA

374 2AD-ADDW(-DWP(14
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3M LADSAT-RADSAT+UATLOC(L)ATWG(L)

374 W(AIStALOG1).GTA3S3A AX))THEN

377 LADMAX-ATWC(L)

376 lXMAX-L

379 ENDIF

380 lP(AlM(D(lF1)).T.AIS(DffMhAX))lHEN

An1 DWFMAX-DWP(4

382 LMAX-L

294 330 CONThINUE

-8 RMS-QT(AD)

396 ILW-SQTP.ADIAT)

W9 C WWlI4S8I00PADMAX

3K MW PORMAT(IADtIAX.E12-4)

" RETlUN

390 IND

391 C

M9 C -- SUBOINE SOTK -

39 C

394 C Thi imain opens the Mie aftnln the value of the indrx of reftection

39 C a a fimncttoe of wavelength. Theni the imaginary part of the laden and the

396 C waveIength 61 corresponds So It we read In and -tre in ams. The mal

397 C part of diehWdsis not wved. Thee aofthw vutne ao. thugh dw

399 C aeay containg the Imaginary part of die idex and finds all snazitu and

309 C mineh. IF ther is an laatrv am v wih thet am, local extram end

4W C several poitstoa, the am vahs, t the pmograia will wri te e

401 C extreow value at th to endpoints of the Inlerval. and It is tesyd

401 C undeetood that k is ttsnt over that interval. Also the c-a* and lest

402 C vahm I the c a ooninng the index of rofadlion sea hutdon of

403 ^-wavelength Is counted as a iaxinmun or mInimnum depending on whethe

404 C k is Increasing or decresing at those poits.

405 C

406 SU~tUSINhE SOTK(FAMFNhENNMAXWNM,WLNMINANM?4.,ANKMAX)

407 OIARACTER15 PNAME

403 REAL WI~t(0,LM(0,NMN(0,NMX41WN W N3

AN 1nTcM NaINMX
410 Ol(nWW -12.P1Z-PNAME)

411 NEAD(12.*IPTS

412 DO 300 M-1.NPIS

413 lMAD(12.U4WL(M)AN.NKM)

414 C WlITEU )W N(M)ANXWN4%q

413 UK PORMATlpE2.4)

416 3W CONlTINUE

417 NMlN-0

41S NMAX-0

419"21~

420 NMAX-NMAX.1

421 W 4MA)-WLN()

432 ANSMAXORMX-NK(l)

423 ELS

424 NMIN-NbmJ.

436 ANKMNPRAe4-NW)

4V7 "
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4M M-2

429 99 DO 301 J-M.NMI~

M3 1OMC*K~)ANDJMMGTNKMeI))THEN

431 NM4AX-NMAX~i

432 WINMXQOaAx))-WINQ)

433 AKAXOIMAX)-NKOJ

434 ELSE WtJK)LTNG-)AND.NXcQ.LT.NC+))T52N

435 NMDIl-NMIN+

436 WLNMflNW3*WLNQ)

437 A M*04M34)-NMJ

438 C

439 C CauiOa abaug dmwkuu a blet concion If two naishboulng cnttle in

440 C Ows daM lae *qual.

442 ELSE lPXO).CrNCO.).ANDNKco).EQ.NKO+,))THEN

443 NMAX-NMAX+1

444 WLNMXNMAX)-W1N)

445 ANICMAX(lMAX)-NCO)

447 MM-i

448 DO 302 MMM-J+I.NFTS.

449 MM-MM+1

450 WQaCKGM).CTfiK4MM.))THEN

451 NMAX-NMAX.1

452 WN VAX)-W1J(M"M

413 ANOlAAX(NMAX)-NK(MMM)

454 GO iTO 303

455 ENDIP

456 W4K(MMM).LTNKMMM41))NMAX-NMAX1

437 w~f4mM).LTNK(mmm+1))co TO 303
M3 302 CONThNUE

439 EMS WiCG).LTNO-1).AND.NocU).EQ.NKQ.1))THEN

460 NMIN-NMIN.1

412 ANKMWIOOA~k)-NKO)

463 8-J

414 M0M -4iM

416 MM-MM+l

417 V@4KPdMM)LTJNKPMM+11yEN

436 NMIN-NMIN,,

43 WLNM*WM*4-WLNOA%" I
470 ANKMRINOPA"~u-NK4MWM

471 GO TO303

4" 94 PK000. CJKM.OM + )X M -NMV4. 1

474 Vp4ICPGh4).CI.N%(M*I.))CO T103

475 305 C094h4U

476 4Dw

477 301 CONIdU

479 NMAX-MMAX.1

43 WUL rMWQ-wwedPM)
41 AN~dAXONK94?1S)

-432-



Appendix VI

4a a

40 l4-NdId~i

4.' WNrft4)-WlNQrIPs)

40 AN=dJNMod-NKW4PT)

40 GO TO mm

4M 30 M-ftD*hf

40 GO TO "

4" facwqm(2
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AVI.! .4 SAMPLE CALCULATIONS: PARAMS AND FILENAMES INPUTS, DATA OUTPUT
FILES.

AVI.1 .4.1 This is the Nparams' file for the composite (soil) surface.

1 TestClc.c
2 TestClc.d
3 composite
4 -10.0.
5 .3
6 -10.0.
7 .5
8 719.0.05
9 220.4.

10 0
11 compos.nk
12 .000001 .00001
13 .0001 .005i

AVl.1.4.2 This is the 'params" file for the SF96-contaminated surface.

1 TestSlc.c
2 TestSlc.d
3 sf96
4 -10.0.
5 .3
6 -10.0.
7 .5
8 719.0.05
9 220.4.

10 0
11 sf96.nk
12 .000001 .00001
13 .0001 .005

AVI.1.4.3 This is an example of a correctly edited version of FILENAMES.

TestClc.d
TestSla. d
testdetect. out
commdetect. out
con pos.nk
sf96.nk
1
1
0

-34-



Appendix VI

AVI.2 DECIDE2

AVI.2.1 Running DECIDE2.

This section contains a general outline of program DECIDE2. Input and output files are
presented on a line-by-line basis. Instructions for running the program and its access to sam-
pie input and output files are given at the end of this section.

AVI.2.1.1 Functional outline of DECIDE2.

Program DECIDE2 functions in the following manner.

1. Read the input variables.

a) Quit and write a message to unit 8 if there is a conflict.

2. Write a heading block to the output file (unit 9).

3. Open and read files containing the indices of refraction for the target and background
materials.

a) Compute the relative permittivity c, - (n-ik)2 for each material as a function of
wavelength.

b) Locate and save all resonant wavelengths of the target material.

c) Locate and save all resonant wavelengths of the background material.
d) Locate and save all wavelengths corresponding to local maxima on the function

k' - k, where k' and k are the imaginary parts of the indices of refraction for the
target and background materials, respectively.

4. Locate initial wavelengths and examine.
a) The first two are the primary resonant wavelengths for each material.

b) The third wavelength corresponds to (k' - kb )m.,. If this wavelength is equal to
either of the first two, the program uses that wavelength that corresponds to the
second largest value for a local maximum on k' - k'.

5. For both materials, compute the Mueller matrices as functions of incident angle for
given wavelength selections in (4). The following procedure is executed each time a pair
of Mueller matrices is computed.
a) Interpolate to find e, for each material (do this only once per wavelength).

b) Calculate Equations (37) and (39).
c) Arrange the terms in Equations (37) and (39) in decreasing order of magnitude.
d) Write to unit 9:

1) the subscripts of all non-zero terms in Equation (39);
2) the subscripts of all non-zero terms in Equation (37);

* 3) Equation (39), largest term in Equation (39), and the subscript of that term;

4) and Equation (37), largest term in Equation (37), and the subscript of that
term.

e) A check that the user specified limit on the number of Mueller matrices the pro-
gram is allowed to compute has not been exceeded.

f) A check whether the values of Equations (37) or (39) have increased over their pre-
vious maximum value.
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6. Examine the Mueller elements at adjacent wavelengths and angles computed in (5) for
the largest value in Equation (37) or Equation (39). The user must decide which Equation
the program bases its decisions on. Adjacent wavelengths and angles are all possible
combinations of X0 + jktp and Oo + kO.W, j, k = -1,0,1.

a) Check to make sure that calculations are not being repeated. That is, do not com-
pute data for the same angle/wavelength pair twice. If data has already been com-
puted for the wavelength/angle pair in question, go on to the next pair.

b) Compute e, for each material (do this once per wavelength). 4

c) Compute the Mueller matrices.

1) If the maximum number of Mueller matrices has been exceeded, quit pro-
gram.

d) Calculate Equations (37) and (39).

e) Sort terms in Equations (37) and (39).

f) Write to unit (9):

1) the subscripts of all non-zero terms in Equation (39);
2) the subscripts of all non-zero terms in Equation (37);

3) Equation (39), largest term in Equation (39), and the subscript of that term;

4) and Equation (37), largest term in Equation (37), and the subscript of that
term.

g) Check if the values of Equations (37) and (39) are improved.

7. If after completing step 6 an improvement in the results of Equation's (37) or (39) are
detected, go back to step 6. If not, proceed to step 8.

8. Write:

a) to unit 8 'THE PROGRAM STOPPED BECAUSE NO IMPROVEMENT IN THE
RESULTS OF ROUTINE T2STAT HAS BEEN DEIECTED';

b) and to unit 9 'THE MOST PROMISING ANGLE AND WAVELENGTH PAIR IS'
(the wavelength and angle are written next to the statement).

9. The Mueller matrices, at this point, for each material have been stored in arrays. To
organize this output, its data is sorted then written in a nested loop where
X1 < k2 < ..... < X, and 01 < 02 < ..... < 0,. The sorted Mueller elements are written to
unit 9 in a nested loop where 0 varies more rapidly than X.

10. Once an optimum angle/wavelength pair X0, 00 is found, the program computes and
analyzes 121 additional Mueller matrices for the target and background materials. These
computations are made for every combination of 11 wavelengths and 11 incident angles.
The wavelengths are given by X0 + j x0.05, j = -5,-4,...,5. The incident angles are given
by 00 + j x4, j - -5,-4,...,5. That is, the wavelength is incremented 11 times in .05 p.m
steps centered about X0, and the incident angle is incremented 11 times in 4 degree steps
centered about 0 . The results of this part of the program are written to units 10, 11,
and 12 in a format that is readable by the plotting package DISSPLAY.

a) Write the Mueller matrices for the target material to unit 10.

b) Write the Mueller matrices for the background material to unit 11.

c) Write the results of the Mueller matrix elements analyses to unit 12.

11. Quit the program.

AVI.2.2 Input Files.
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Program DECIDE2 needs three input files. The first file, "DATA1N2,' is used in
every run and contains all information needed to control the program. The remaining
input files contain indices of refraction of target and background materials as functions
of wavelength.

AVI.2.2.1 DATAIN2.

An example of a correctly edited file is given at the end of this section. The line-
by-line format is as follows (for multiple entries per line, separate each entry by spaces):

A- filename containing the background materizYs index of refraction as a function of
wavelength (up to 15 characters);

B- filename containing the target material's index of refraction as a function of
wavelength (up to 15 characters);

C- filename for data output, unit 9 (15 characters max);

D- filename for commentary output, unit 8 (15 characters max);

E- a descriptive name of the background material (13 characters and no more);
F- and a descriptive name of the target material (13 characters and no more).

G- Values of <h2 > and cr. These are the mean square height in (p.m 2) and mean
square slope, respectively, for the background material. (real, real)

H- Values of <h2 > and al . These are the mean square height in
(pm 2) and the mean square slope, respectively, for the target material. (real, real)

I- The number of O's, with $mi, then 0, . These values must be in degrees. The
program uses this information to fill an array with all incident angles used in the
computations. These angles are given by 0 k 0mm + kOst ,, k='0,1,..., *of O's -1.
(integer, real, real)

J- The parameters X, ,, X se, These values must be in p.m. The program does
not consider wavelengths which are < Xm,, or > X, in any of its operations.
(real, real, real)

K- The code number RCODEB. it determines which auto-correlation function the pro-
gram will use for the background material, or to normalize the Mueller matrices to
f 1. RCODEB=O (normalize to f 11), RCODEB= 1 (Gaussian), RCODEB=2 (N-,8),
RCODEB-3 (N-6). (integer)

L- The code number, RCODET. It determines which auto-correlation function the pro-
gram will use for the target material, or to normalize the Mueller matrices to fit.
RCODET-O (normalize to fit), RCODET- 1 (Gaussian), RCODET-2 (N-,8),

yRCODEr*3 (N-6). (integer)

M- Values AERRI and RERRI. These values are the error requests for the IMSL rou-
tine QDAG. AERR1 is the absolute error, and RERRI is the relative error. The
IMSL routine QDAG computes the full wave quantity Q. (real, real)

N- Values AERR2 and RERR2. These values are the error requests for the IMSL rou-
tine TWODQ. AERR2 is the absolute error, and RERR2 is the relative error. The
IMSL routine TWODQ computes the full wave quantity cr [1]. (real, real)

0- Value NQUIT. The program will compute no more than NQUIT Mueller matrices.
(integer)

P- Value NCRrr. If NCRITl-, the program bases its decisions on Equation (37). If
NCRIT-O, the program bases its decisions on Equation (39). (integer)
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Q- A file given on this line is open to unit 10. 121 Mueller matrices for the target
material are written to this file in a format that is readable by the plotting package
DISPLAY. (character 15)

R- A file given on this line is open to unit 11. 121 Mueller matrices for the back-
ground material are written to this file in a format that is readable by the plotting
package DISPLAY. (character 15)

5- A file given on this line is open to unit 12. The results this analyses of 121 Mueller
matrices, units 10 and 11, are written to this file in a format that is readable by
DISPLAY. (character 15).

AVI.2.2.2 Index of refraction files.

For each run, DECIDE2 reads two files of refractive index data. The names of these files
are passed to lines A and B of the file DATAIN2. They are required for two reasons: (1) rela-
tive permittivity e, - (n-ik)2 is computed by interpolation at every wavelength the program
computes Mueller matrices (both X and e, are passed to the subroutine RETRO); and (2) the
index of refraction specifies where resonant wavelengths occur.

The index of refraction files have the following format:

A- number of wavelengths in the list (integer);

B- )1, ni, k, (real, real, real);

Z- and X,, nm, k. (real, real, real),

where ki < ki.j. Also, for the interpolation routine to work, m>6. A sample file is shown at
the end of this guide.

AVI.2.3 Output Files.

Program DECIDE2 creates five output files. The first containing Mueller elements and
the second contains commentary remarks. Data written to the third, fourth, and fifth files is
in a format readable by the plotting program DISPLAY. The names for these files are the
inputs to DECIDE2, found on lines C and D of 'DATAIN2.'

AVI.2.3.1 Commentary output file.

This file resides on unit 8. Its name is passed on line D of 'DATAIN2.' Unit 8 receives
various values for debugging the program in the event of its failure. Several write statements
to unit 8 exist in this program, most have been commented out. If necessary, they may be
reinstated by removing the C in the leftmost column of the line the write statement appears.
During normal operation DECIDE2 writes descriptive messages to unit 8 for the following rea-
sons.

1. The input variable NCRIr appearing on line P of 'DATAIN2" is <0 or >2, the program
writes 'ILLEGAL NCRI'U and then stops.

-438-



Appendix VI

2. The program will write 'THE PROGRAM STOPPED BECAUSE NO IMPROVEMENT IN
THE RESULTS OF THE ROUTINE T2STAT HAS BEEN DETECTED' once it had deter-
mined the optimum angle/wavelength pair. When this message is written to unit 8 the
run has been successful and the program should quit.

3. In the event that one of the input variables RCODEB or RCODET (lines K and L of
'DATAIN2') is 0 and the other is non-zero the program writes 'ILLEGAL COMBINA-
TION FOR RCODEB AND RCODET' then quits.

4. If either RCODEB or RCODET are negative or greater than 3 the subroutine RETRO will
write 'ILLEGAL RCODE' and kill the program.

5. Should the number of Mueller matrices calculated exceed NQUIT (line 0 of DATAIN2)
the program will write 'IF YOU WANT TO COMPUTE MORE MUELLER MATRICES,
YOU WILL HAVE TO INCREASE THE INPUT VARIABLE NQUIT' and quits.

AVI.2.3.2 Data output file.

This file (unit 9) contains 3 distinct sections; the header block, the analysis of the
Mueller matrices, and the Mueller matrix elements as computed by subroutine RErRO. The
format of the header block is as follows:

A- a description of the background and target materials;

B- <h2>, or.2 of the background material;

C- <h2>, a. of the target material;
D- kmt, k,,., and kXe. The program does not initially compute all wavelengths between

Im and X,. in increments of \,t,. It first selects three wavelengths between Xm and
X.,.. These wavelengths are those for which k', kb, and kt - kb are maximum over the
interval [ m,,..x I (the k's are the imaginary parts of the index of refraction for the t-
target and b-background materials).

E- A list of all incident angles used by the program. This program computes and analyzes
Mueller matrices for both materials at each of these incident angles for the first three
wavelengths it selects. The program finds the wavelength X0 and angle 00 that resulted
in the largest value for the discrimination criterion (see line P of 'DATAIN2'). From
there, the program computes data at angles and wavelengths near X0 and 00 until it
finds the optimum angle/wavelength pair (Section AVI.1).

F- Values RCODEB and RCODET. These values are input on lines K and L of 'DATAIN2.'

G- Value NCRIT. This value is input on line P of 'DATAIN2.'

The second section in this file contains two similar subsections. Both subsections con-
tain data resulting from the analysis of Mueller matrices. The difference between each sub-
section is the way the program chooses the wavelengths and incident angles used in subse-
quent analyses.
In the first subsection of this file data is written in a nested loop where 9 varies more rapidly
than ). The inner loop is repeated once for each incident angle written on line E of the
header block. The outer loop is repeated three times. First, the wavelength of primary reso-
nance for the background material is determined. Second, the wavelength of primary reso-
nance for the target material is obtained. Finally, the third and final time through the outer
loop selects the optimum wavelengths as discussed in the previous sections. (See also line D
of the header block).
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In the second subsection of this file, the program looks for angles and wavelengths near the
angle and wavelength in the previous subsection that produced the largest value for Equation
(37) (NCRIT=1) or Equation (39) (NCRIT=0 see line P of 'DATAIN2'). If the program finds an
angle/wavelength pair that results in a larger value for Equation (37) or (39) it further searches
angles and wavelengths in the neighbc.hood of that pair. This search goes on until the pro-
gram notices no improvement in the alue of Equation (37) or (39).
The format for both subsections is &i ven below.

A2- Both incident angle and the wavelength are written. This line reads:
"WAVELENGTH="X "INCIDENT ANGLE="0.

B2- The subscripts of all non-zero components of y Equation (39) are listed in decreasing
order of the magnitude of the component they represent. As an example, suppose
Ys > Y1 > Y4 and Y2 = Y3 = Y6 = 0. For the y described above, this line would read 5 14.

C2- This line is the same as B2, except it is associated with x Equation (37).
D2- I x'1, 1lyl, j, (Xd).x i, (yi)...

where;

I x I is calculated from Equation (37),
l y I is calculated from Equation (39),

(x, ).. is the largest component of X,

and (yi)m, is the largest component of y,

E2- This program tells the user which incident angle and wavelength resulted in the best
discrimination between the background and target materials. The line reads 'THE
MOST PROMISING ANGLE AND WAVELENGTH PAIR IS' X, 0.

DECIDE2 writes all of the Mueller elements computed to the third data block. They are writ-
ten in a nested loop where 9 varies more rapidly than X. Both 0 and X increase monotonically
from their minimum to their maximum value. The format is as follows:

A3- values X and 9;
B3- values v, ,v , and I;

C3- values vbt andv[

AVI.2.3.3 Mueller matrix output files.

The third and fourth output files are opened as units 10 and 11, respectively. Units 10
and 11 are also used by the program as the index of refraction files for both materials. The
program doses units 10 and 11 after indices of refraction data files are read in, and reopens
them according to the names on lines Q and R of DATAIN2. The purpose of these files is to
make selections of Mueller elements read by the plot program DISPLAY. The third output file
contains Mueller elements for the target material, while the fourth output file contains ele-
ments for the background material. Both files have 121 Mueller matrices that are formatted in
a way identical to RETRO's output. The wavelengths and incident angles used to compute
these data are chosen as described in Section AVI.2.1.1.

When using DISPLAY to plot data in either of these files be aware that only one auto-
correlation function was computed, selected by input variables on lines K and L of DATAIN2.
Also, be aware here that inputs on lines K and L of DATAIN2 determine if DECIDE2 com-

putes and analyzes for f.
f
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AVI.2.3.4 Analysis output file.

This output file contains results of analyses of data in the third and fourth output files.
These data are in a format readable by DISPLAY. When DISPLAY asks which matrix element
analysis to plot enter 1 1 for a plot of Equation (37) relating to element f 1 and enter 2 1 for a
plot of Equation (39), element f21, and so on.

AVI.2.4 Instructions for running DECIDE2.

The steps required to run program DECIDE2 are presented in this section. After the
input file 'DATAIN2' has been properly edited and all other input files are loaded, DECIDE2
is ready for execution. DECIDE2 may be run in either batch mode or interactively. The
number of 0 (line I of 'DATAIN2') and Kp (line J of 'DATAIN2') parameters determine run
time. As a rule of thumb run the program in the batch mode if the number of O's > 30 or if
XS, < .02 over the normal 9-12 Am band of wavelengths.

AVI.2.4.1 Interactive runs.

Typing "decide2.run" after the prompt will compile, link, and execute the program
using data stored in 'DATAIN2.' Executable code becomes stored in "decide2.xqt"; simple
type this command to iterate a program run during the- same login after changing 'DATAIN2.'
Before logging off, remove 'decide2.xqt" for it is a rather large file. The object file 'decide2.o'
was removed by 'decide2.run' immediately following linking.

AVI.2.4.2 Batch runs.

Typing "examp2dec" after the prompt runs this program in the batch mode using the
data stored in 'DATAIN2.' The file "examp2dec" submits the file "decide2.bat" to the batch
que. For this reason, the user must make sure that the file "decide2.bat" is in storage on
before typing "examp2dec."
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AVI.2.5 DECIDE2 SOURCE CODE.

1 C This work was dane for the CRDEC ont the Abserdsen Proving Grounds

2 Clldgewo-d Aims.

3 C This work was done by S. Mark Hasugland under contract DAADO549-P0427.

4 C

3 C The purpose of this, program is to locate optimum combinations of

6 C wavelength and Incident angle for use in distinguishing bten

7 Cs a ,- -mlsssed and a dry sustace. This program assumes the

9 C ontsminent foems an optically thick layer on fte ba fgound surface.

9 C

10 C DECIM computes and analyzes Mueller matrices every time It calls

11 C the subroutine REMRO. Thes data are used to distinguish bten

12 C the background (base) material and the target (contaminant) material.

13 C Easch material's Mueller matrix Is a function of incident angle

14 C, wavelength, mean square height. and mean square slope.

1s C DECDM loats the primary resonant wavelength hor each material

16 C and the wavelength at which the imaginary part of the index of refraction

17 C hor each material differ by the greatest amount. At each of these

is C wavelengths. DECIME computes Mueller matrices hor each material as

19 C a function of incident angle. Immediately following computation,

20D C each pair of Mueller mastrices is analysed (see the user manual hor

21 C detills). The program identifies the combination of these wavelengthe

22 C and incident angles that resulted In the best discrimination between the

23 C two surfaces. Next, angle/wavelength pairs near the one that resulted in the

24 C beat discrimination are examined. If there is an increase in the

25 C discrmInation at some of these angles, the program remembers the one

26 C that resulted in the greatest increase. Angles near that one are examined

27 C netIhis, proces is repeated until there is no further increase in

26 C discrimination.

29 C

30 C This program mes sme VMEL routines. For more information about

31 C the "dL routines, see the subroutine RETWO.

32 C

33 PROGRAM DECIMI

34 REAL ANG(100),ANd(00MANT(500,AKB(50)AT(500).lCDl(0)

35 REAL W W00),WLNT(300)HMSQ.SIGSBHMSQTSIGSTWIN(100,100),

36 *ANGIANGINCWMAXWM WlSEPWNMAXT(40)WLNMl.T(4O)

37 REAL Wr(6.PP().DP(6).RATLO(6),WLNWLN(100),Fr(6100.100)

36 REAL AEKtAXU(40)WLNMAXD(40),WLNMND(40),ACMJD(40),AKMAXD(40)

39 REAL AXNT(40)AKAXT(40),WLNMAXD(40),WLNMIN(40),AKMIN(40)

40 REAL FW6.0D0.10)ARR(6)

41 W=hER RCOOE3RCODEr.NPIM3NPTNANMXKCA(6)

42 COMIPLE ERB000).aT0MWMRETrEMMSuCaT30) aN(0)

43 COMPLEIX N1CTSTN1CM
44 CHARA T1W15 OlJ1NM, COWMM RACKNX. TARCNX. TARGMTX., UACcMTrX. ANALMIX

45 CHARACIVIN3 BACIKMATTARGMAT

46 COMMONIIWOIWLIUWLMAX

47 C

U C Read rnae of It and outpu Mle and open them

49 C

so OPPRUNIT-7,110LE-VATAtIN2)

31 REAO(7.'(AflSACKNK
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52 OPS.4(UMfl-11O,Fnz-BAC52Oa

53 SEAD(;AflAIGNK

54 OMNM(NIT-I,MIE-TARCNKM

W5 3EAD(7;(Ar)OUnNM

5' OPS4(UNff-9PUZ-OUTNKf

57 3EAD(7.(A)COMNMd

so 0*EN(UNrr-C.PILE-COmNM)

59 C

40 PI-ANG(ATANW...))

61 C

42 C PAW imaw of mahlable, I*e vuded and icfonnauc oeded so

63 C dtametitea lim.

U C

65 READ(7;(A))ACKcMAT

46 3AM(7'(Afl)TARCMAT

67 READ(7,**RASQ.SCSB

69 MAM(.**fMSQrTSlGsT

46 RXAD(7)NANGMX,ANC1.ANCINC

70 "~ANGMX.I.T.OyI7iE

71 NANGIWX-.NANGMX

72 lMAD(7,XAN(L.IL-,NANGMX)

73 ELSE

74 DO040 IL- 1,NAICMX

73 40 ANG(IL)-ANCI .(lL.,tANGINC

74 ENIW

77 RZAD(7.*)WMIN.WLMAXWLSIIP

75 WRITE.002)BACIGAAT.TARGMAT

79 9002 PORMAT(2AIS)

so WMTE(9.)HhSQB.SIGsB

Si WRITE(9,'*.tMST.SIGST

52 WOTE(990M0WAMNWMAX.WLSTEP

83 9000 PORMAT(SE12.4)
84 W~ll(9.900OANG(MXII.-1NANGbtX)

85 C

A1 C UCOVI and 1RCOME an Ove code varlablasee M mero uomnuov*sto funcon
P C for the badovnd and on"e naethhi eeapectlwly. it is aslowed foe awm

U C dirge AMd hedW*aqm 1illl to have dWffmmn auboa it fWidua.C0OM3,
U C T-1->Gsaumian. -2->N-0, -3->N-6. Thfe k an option to nornulm

SI CalMdi.elemed to Fe111a wil be the ca f Wbod, RCODES end RCOME-0
90 C 7%M bolt UCOME and UCO0ET equalni 0. case te Frogmen to anslyas P1)MP1
91 C mow flan P4.

92 C

93 EAD(7,*WCODE3

94 3J.AD(7.jUCOME

95 WRCO0E.EQ4.AID.RCO0Er.NrE0)GO. TO 991

WMP(COO~r-EQ.-ANDo.RLCOOD.NE.o)cO To 991

96 90M POMAATrCOOE FOR AUTO.COR FUNCTIONtS AND NORMkALIZATION', 215)

99 C

100 C PAd oi nr n for *wtim nir*Wn routinge. AMI and RMI

101 C are far QOAG and AERiZ and iERR2 ae lor TWODQ.

1"a C

M 3tAM0'Aua1,RER1

10o IMADR-A2WUR
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105 C

106 C N=Y-1I -> 41144a11111 are made based on the
107 C Eadiddaen distace between the Mueller natrix for the target and the Muller
1101 C malrb Wr the bacitground material. NCRfl-0-> deciaions are made baondon
109 C a Ws which Is idependent of the else variations in Muller matrix elements
110 C i the new Mueller mati. NQ~ff is the maximum number of Muller matrices
III C you WMl tis program 10 compute In a single run.,

112 C

113 READ(7.Q= 
4114 REFAD(7.*.JCRrr

115 WRrITC9900)NCuRf

116 "MI RMAT('NC~rr,5)

117 3G".CRff.T..OLNCRff.CT.2)HEN 
1

1184 WRITESF"67)

li19 P47 FO.3AATt1JIMAL NCRWf)

130 STOP

121 ENDIP

122 C

123 C The files TARCMUh and DAC1CMTX aft written Mueller matrime for the
124 C %erget and background materiala. Thewe matrices are written in a
125 C way DRSPLAY can plot them. Once the optimum angle and wavelength
126 C has been Identified, the peogram computes a rectangle of Muellr matrices
12V C centered at that point. The rectangle contatns a range of 40 degrees in 4
128 C degree intervals Wr theta. and .5 mictrn in .05 mIcron intervals hor
129 C kmbdahs marces ame analysed by the routne TZSTAT and these
130 C reas am written ANALhM1 In a form that they an be plotted by
131 CV6SPAY.

132 C

133 C Open TARGMTX, and BAC1CMrTX as units 10 and 11 respectively. Do thia after
134 C 10and Ithave been closed byt"epartoftheprgram thtreads
135 C the indices of refrectIon in. Open ANALMTX as unit 12.
136 RtEAD(7,'(AY')TARCM

137 READ 7;*(A)BCMTX

136 READ(7.'(AY)ANAIMTfX

139 C

140 C Plead In t Index of refraction for the background material and compute the
141 C relative permittltt.

142 C

143 IlEAD(1.tJ7Ts

1144 DO 41 1OL-1.NPISS

145 READ(10,'WLNWR4uI,AJ.J(U4AKU(L)

146 X-A.JU(I)

147 Y-AU(IL)

146 Of 3(IL)-(l..O.)?1X+.p).. Y
1490 a(.0rxX')(.1~5.Y

13 C WRmIp~aSW)MN~ap ,af (wlJ

151 41 CONIINUE

132 COW(O)

133 C

134 C Reed In the lindex of refractIon hor the target material and compute the
135l C reoatve Permltlity.

156 C

157 IAD( 1,I74PWs

1ag DO 42 L-,NPWSr
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130 MAD1 1.*WLNTP4~ANT(Uj.AK(IL)

160 X-ANTML

161 Y-AKT(U.4

163 2121 PORMAT(3E12.4)

165 C WUITEPBAMO)WLNT(I),CNT(IL)

1"4 42 COMIN~UE

167 CILOWEII)

1I6 C

149 C Pa at loot matins and aubtin "tOt absolute vaha. of the imminaly

C pan of Ot Was of mfncin Wo each terial.

170 C

171 CALL SOft1NK4Nt NNAXT, WLNMAXT. WULNMINT, AnAIINT. AICMArr, NPTST.

172 AKTWLNI)

173 CALL SOSTNKO"M.NMAX3.W1JMAXBWU.MN3.AKMAAAX3.NPTSB,

174 *AKDWLNB)

175 C

176 C Plid all local ataxiata amnim int th diffternor of k for the tmqWe

177 C mittial and kc for the baftrouncl mterial. Them. isa techniocal

173 C problem If the optical coalents of each material are not known at the

179 C aa. wavelengths. Thia is handled by Interpolating the function that

1SO CIs known at ewar wavelength. st all wavelengt for which th otr eat

161 C of optial onstants Is known.

182 C

1M C WuRIEg.')NP"a

164 P"F13.GT.N~IHEN

195 DO 43 !-1NP1S5

166 WLDEl-WL.ND(1

167 W1DLE..WJ.T(NPlST))CO TO 43

11111 CALL ERCMPfII'ITJTWLEl,NTESI)

1111 1WMPI-AUS(ATbIAG4N1CT)).AKDMl

190 C W(AK).GMT.A)))CNlPP())K -AS j4lCTSTOl)

191 C WUTE,48A12)1.LE.KDPf).NTEST

192 C WRfl!0S"12LWLElN1lTIST

193 6612 PORMAT(15.3E124)

194 43 CONTINUE

1I" CALL SOU1NK#AfJD. NMAXD, WLNMtAXD, WLNMt.J AKMIND. AICMAXD. NP'lS15.

196 9MIPWUG)

197 ELSE

1In DO 44 l-1.NIP1T

I"9 WL9E4-WLNTMl

3W W(WLD.CT.WLN9(NP"SB))CO TO 44

31011 CALL IRCMIN.O4 .WLEN.NKEST)

202 EDUPMl-AKT(I).AS(ArIMAG(NIESI))

203 C W(A66Q4151).LT.AU5(O4T))jDWPMl)At 8S(NE5TT l)

204 C WUTE"612)I.WID4.KD#Pl)NKM~T

Jim " CONTINUE

~M CALL SO JNK@CdMM, NhEAXD, WL.NMAXD, WLNMIND. ADNDD AKMAXID, NV1ST,

26 IKWWLNT)

XS -NI

209 C D044NN-,NMAXD

210 C W1111TPAWIPN.W ISMPD(NNAKMINDONN

211 C 444 COMMlJ
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212 C DO0NN-.NMW~T

213 C W~r(X W.MN(NM (N

214 C "S CON72-JE

215 C

214 C Sit mmnpudn Muulter eama. Suirt with the wavelengths that correpond

217 C to dw prigagy min for each mtial. Alto lok at the waveltngth

216 C orwhichd " dlflraeui between "v Iaginary part of ft Index of refraction

219 C (Dr dv irget amwtril and that for the base markis tat a muamm.

22D C

221 WLNdWLN(1)-WLNMAXBO) A

222 (WlN(I).NL.LNMAXT(1))THEN

223 W124WLNQ2)-WULNMAXT(1)

224 ELSE
225 WU4WLN2)-WLNMAXT(2)

227 JK-2

228 DO0451J-NMAXD

229 I-m
230 W(WL.NMAXIDM.LT.1 .E45)CO TO 45

231 IP(AKMAAXDUj).L.T.0.)GO TO 45

232 WCW1.N(2).NWLNMAXDl.AND.WLNWJ.l).

233 NE.WLNMAXD))HEN

234 JK-3

235 WU4WLN(3)-W1NMAXDO)

236 GOTO 46

237 ENW

236 45 CONINUE

239 46 MWIJJ-0

240 MATC7IT-O

241 T25TMX-O.

242 RADMX-0.

243 09J-1,JK

244 MWUN-MWLN.1

245 Wu41)-Wl)4Wt2NG)

246 CALL ERCitP(WLI.3ERBWLNQJ.1),ERESTD)

247 C "flT~l1,WLN01,4ERESTB

248 1111 PORMAT(M12.4)

269 CALL EUCM?(WITETWL.NQ,),EEFTT

250 C WUIA50t)W.JQ.),EESWTERESTh

251 ON0 POlMATrwavetength idex *,5E12.4)

252 DO 0 I-I NANGM

253 WU4Qol)-WLNQ,1)

254 C W~flIP.'WLNO(l,&ANGMl

255 WKr",.959)WL'JQ.l)ANC()

256 956 PORMAT(WAVELENJC11- ',E14.6' INCIWENT ANGLE- '114.6)

257 CALL REM10 13 THMSQTSICST.WLNO.I)ANC(1)AERR1 .31311 M

23B *,ltM2RCODETlwrPI)

259 CALL 3EROV 3131HSQ.SGSBWLN(J),ANG{1).ARE311.AJLt2

240 *.1112.RCOM.D9P.P)

261 92M POIMA?(WI OVER "W,600.4)

a"2 MATC4T-MA1'OdT,2

2M C San and amips I~d ftm mrao
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294 DO076 K-1.

39 76 cOnwh4U

370 CALLTATDW.3A1C.LJ1),P AXDItA4A)(

371 *th4AX.UADIU,RIO,"T."P

272 CALL AhrflCEE(tATLOC.ARRCICANOF)

373 W3fE9909X(1OA"NS)NN-1NOS)

V74 CALL AMflCELE(DP.ARILICKANOI')

p.. 3 W~!(9,09)(KAQ4NP)NNB-1.NOF)

276 W~RTE(9,bOSS)SADISRLOCLMAX.DIWMAX.IAtMAXRADMAX

V77 SM9 POSMATCM124.nO.4.E1.4.flO.4.E13,4)

VII 906 POIMAT(613)

2V9 M19 POSUATc2EI2)

M IU POMAT(W,312.4)

W1 CALL SAE4 ,JV)IAMjlM1MRM,4DY

u2 nW1SRT.RAD"USRWOC)

303 fWATOMIT.NQUIT)CO TO 999

384 so CONrtMui

U5 777 fCRMlE.O)OSET-ODIAbX

W6 wQ4c=rEQ.1)DsET-t*AX

37 W91cU.EQ.O)USET-k*DMX

W W@4lIEQ.1)64ST-MMX

2F) C W~E$S~$SrSTLNSTSM N(4Ef

29 6121 POUNMATSM1SEr.2M.3Eu.4)

291 C WRflP.8122P2TMX.3AD%9X

29' $122 POU~kEAT(UtADUJS 310G,.2E2.4)

293 C

294 C task& at wawL nIsh and angles of kin e dlose to those for which

2-5 C *Inp look sum posming.

.* C

29r KLL-1

2" DO Is -. 1

.19 W-VLWLN(3S~1).pLSTEP

-.- "(WLT.WLMN)W-WLMN

)PI lP(W.WMAX)W-WLMbAX

XL72 CALL tChIP(WLN.m.W.EREsiu

30 CALL aCMP(Wi)TaTWDEuSrr)

304 DOso K--I,l

3 00@.OANO.XEQ.O)Co TO go

3.4 -KMT

.s" ~O L..OR.KICrANCX)CO TO ID
N I CALL WLANGSM.(WN.WLNWIJ.WLN.JKSETM1SETNCALC,13M)

3-1 C WI] tp.-7CALC

3'- NOCALC5Q2)GO TO 0

311 C W~fW Wkv-.WLn.k6ANC~

312 WRM",9S69)WLN(Dj.),ANG(k)

313 CALL W1MOMU3E1TMQTSSTWL13144D4ANG~k),AE3IR3133

314 *AR23E332 RCOOEI.6TMfl

315 CALL UThMO~MEMl.H6QSKsa.WLN(w3.4.AN.G4k,)AmERR1

316 'A33.3U32MM CoOMp!3,MI

317 MATCM1-MAIU4T.2

3W C

319 C Save and aomlpsa men% *Or fteo
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330 C

321 DO0791 KC-IA

322 PT0CC.I4)-WT(G)

323 momCG334)-993(Kco

324 791 CONTINUE

325 CALL TTAT(DfPRATCA).4AXDIFMAXLADMA)&J

324 nMA.RADlUSALOC,FFTP,)

327 CALL AWTXLCE(RATOGAR.XANO3)

32B WRlTE9.9099X(XOA(NN3),NNB-1,NOF)

329 CALL AMTXEWP.AROCANOI)

330 wUT0,9909"(KKA(N4NNNS-aNOP)

331 W~RE0,O909)RADUS,RLOC.LMAX,DPPMAX.IRMAX,RADMAX

332 CALL SAVE(NCRIT.14X,RADMX.34DMXMMXDRMX,4RDMX,

333 jWtSVT.RADIUS.RLOG)

334 W0WLSET-EQ.V=OL-2

335 C WRlTE9.*7bImumamau .KL1MAT~~,IT

336 80 CONTINUE

337 79 CONTINUE

33B W(ICILEQ.1)CO TO 9W

339 F(MATCN T.CENQUIT)CO TO 9

340 GO TO 7"7

341 994 WWm(3,*PUOGRAM STOPPED) BECAUSE NO IMPROVEMENT IN THE'
342 WlJTWa,*yRESULTS OF' ROUTINE T2STAT HAS BEEN DETECTED'

343 GO TO 99

344 991 WRfI(S*000

348 SOW9 POKMATMILEGAL COMBINATION FOR RCODEB AND RCOOET

346 GO TO 1090

347 999 IPMATCNT.C.NQUIrT)WRrEnngo)

346 S06 PORMATCWF YOU WANT TO COMPUTE MORE MATRICES YOU WILL HAVE TO'
349 *J, INCREASE THE INPUT VARIABLE NQUIT)

380 C

381 C Armu e .Muulepromusic @o dal they mu bewdtnjo mtt9

352 Cn -a m "opin whichu ANC(1) varies more rapidly then WLNWNM).

353 C

354 9W WRMTE(9903)WI.(SETM SET) ANG(kSET)
3WS 9013 PORMAT('THE MOST PROMISING WAVELENGTH AND ANGLE PAIR 5W,2E1L.4)
384 DOW J-1,MWEtI

357 DOW 96-1,MWLN.I

398 NW W(3).CT.W.W 131))THEN

359 T1-WLNWLN~t)

360 WLNWIN413)-WLNWLN(13+l)

361 WU4WU4(1D.1)-T1

362 0O 111 M4-1,NANGMX

343 TI-WLN(13.14)

344 WUNIX§4)-WXN(D.1,h)

in9 WLNi(DIlM)-1I

344 DO III K-IA

367 TI -FrIcD.14)

314 79 4)-P( D41,k)

349 PT(D#.1k-Tt

370 TI -MMK. U)

371 F3P3( -KD+,1 )

372 IloK.U.1j4)-T1

373 111 CONT*FUE
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374 NW

373 0 CONTINUE

376 C Weft Mualler lies. br each inwril w unit9)

377 00 112 13-1dWILN

373 DO 112 14-1NANCMX(

379 vW*LI4Dmm)GT.i.so6)h!1.

380 W~fTE(,99)WU4WLN1).ANG(14)

M31 9W POSMAT(WE4.6)

30 wan"(,WXP(I.DM)-1A)

383 W37714.WOS)F3(KDIk).K-lA)

34 9rn P0UMATom.4)

W3 C Daftnvkw the 11 umvelsigt and 11 angles that the prapaim cayutes

3M C anclamly... lar md hr.Thesm imseand the rembsof

389 C dw amlymb aft wyman ID uil 10, 11, and 12.

39 CALL SETHETWL4ANC.WLNWLNDsETIhsE7)

31 OP~iUNff-0.LE-TARGb4T)

73 OW-11.HLIiIE-SAC.411)

33 O9DI(UNfT-12.MLE-ANALMI1C)

394 C Wdie heading bkckA to uts 10,11M and 12 so DISSPLAY can read Owe

M3 C da m ntond in thoe s.

3% WUII10,C(AY)TARCUAT

73 WU!(11;(A)OCWAT

398 WnI12.(AY)ACbAT

39 NH-i

00 NS-I

01" NANG-11

403 WRfl5(1oIlWN.NSNWLEN.NANG

404 WlflK1 .1000)NH.NSNWLENNANC

405 WED 2.l00O*dHNS.NWLSNANc

406 MO0 PORMATMhO.4)

47 WvyfolS( HffsqT

orm wwl'uo.lonojscsr

-0 WwflI10,101~WLNWL.N()I-1,11)

410 WfM(101001)ANG(I6)14-1,1 1)

411 W~fml'l00)mSvQS

412 Wansp(1.1001lmS

413 WRMN1I1.1MXWLSWLN(D).o-l.11)

414 W Mfl(1.10D1XANG(1.).k-1,11)

413 W111TE(12,1001*Hh6QS1

416 WUI(12.l0Mo~G%

417 WVlJh(2.1Oo1)(WLpWLNft3I,11)

4I9 WFMm(2j100XANC(14). I1)
p 419 100 PORMAT(M11.4)

42 C Compto and anslym U.* mw

M2 DO 113 0-1.11

412 W-WLNWUJ4ft

Am CALL tCMVJ~k=9UWEESM

4An CALL VECiP(WLTE4TWERMh,

43 00O113 16-1.1

4m CALL ThMO(IE~rHSTSqr ICST~WAN(kAEmz,ussz
4V7 *AUUMM a RfCOeE7.Wr.PI
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421 CALL RMTOMU .HMMSQOSICS.WAN(4)MARRIERRI,

439 *AERR RE"R~CO~70p

4m0 CALL TlTAT(DW,3ATLOC.L4AXDPMAX.JIDMAX.

431 *LZ&4AXRADIUS.RLWC,p~PFP3

432 01-1.

433 Q2-i.

434 03-1.

435 WRE('1O,10M01,QIX2.Q

436 WRITE411,10m2)QQ203

437 WV fl(2.1002)Q1.Q2LQ3

439 WRITE(1,102om wIP.-AA)

439 WR11100)PS3(h-1,6)

440 WfR.Z1002)RAU .RLO.UPMAX,RADMAX.DW1P(1)RtATOG()

441 1002 PORMAT(GE12.4)

442 113 COINR.UE

443 CW6SEM7

44S CLOSEM9

444 CLOSIWlO)

447 CLOSE(I)

445 CLOSE(12)

449 1090 STOP

410 ENJD

451 C

452 CSU3R"WOUTIhE ERCM.

433 C

454 C THIS SUIPROUTINE COMPUTES THE VALUE ER POR USE IN uR-o.
455 C Sinc.te " musing wnirpolasia comnplex iumlora, i isa wa0usd
456 C to leftroa It index Of mkefrato. Thia routine ia a luixtiofiIn the

457 C ou111m.I version of Ram and was taken of that program and modifid for usm

455 C hare. The a gunmW Nat as - flbw*

459 C WIN- Anarrayo rotaling the wevelengt at which the index of
450 C rakacdo ba bawaen. This, Information was read in From unt

451 C 10 or11.

452 C E5- This is a wmplex array containing "h reltiv parmintaia

453 C AD a fiffction of wavelength. All wavelengt are in micraft

454 C WLWTI-Th waIvelengt in icrons fOr whic the relative penntitivt 1.
455 C dIaIee.

455 C ERST-The rellstive titv returneid lo the amain program.

467 C

456 SUIPROUThtlE 5~cm4PNER.wLE,Exjs

459 I'CER NPTS.DG,I.MW..MAX.DOEr.DNPrS

470 REAL WN(MM0

471 REAL WISJJ.WNPPACTOR.LI

472 CV54PL 8k500EREST

473 C

474 C "al 0INvenS wavek le ngt micm n wave numnber in 1km. COMMEN1T

473 C OUT AND WORK WITH THE WAVELENGTH RATHER THAN THE WAVEtlUMUIRY?

475 C WhiP- IOOOJWLEN

477 WNP-WLEN

479 DIG-3

479 I-(DIG41) 12

ws c wanmPAlsuVLlN

41 Owma~tcT.WNP) THEN
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4V0 M3N-1

40 MAX-M?4+OEC

40 GoO211

4M6 3 W(WtA().GT.WNP) GOTO 210

487 1-141

406 Wr.EQ.NrfS..(DE+l) I 27fl48d

409 b[AX-NPIS

460 MI-NVIS..OE

491 GOTO lii

492 ENDW

493 GOTO 200

49 C

493 210 MIN-.OEGZ.1

496 MAX-MUIl4Dc

497 211 PACTOR- i.

496 C WRSTMJk.MAX '.MINMAX

MW C

SM 02 PORMAT(E12.4)

301 DO 2M0I- MIMAX

302 IIWNP-NE.WNoQ)GOT0 220

so3 SmuT-moa)

WS 220 PACTOR-PACTOjr(WNP.WNOj))

306 C

30 EREST-f..0.)

sm DO0230 l-MKNMAX

309 U-PACTOJ(WNP.WNI)

510 DO 240 l- MKJMAX

311 240 W(1)&DU-U4(WN(l).WNo03

312 230 ERST-ERSTERIyI

513 RETURN

314 ED

513 C - - . . -

316 C SUVROLITIhE RET 0'

317 C

318 C THS WORK WAS ALTERED BY SIA. HAUGLAND ON 6-2349.

519 CM TH EVS"6N TO REMO0 ALLOW IT TO KCAILEI BY ANOTHER PROGRtAm

MD C AS A SUVUR0UTINE

Sal C

M22 Thi 7%bIm was dow Ihr dig CUDEC on the Abrtdmn Pmvirg Grounds

40 32 cUprwad Arm.

SM This -- ks - d--e by Cm1g M. Homwru~ imds wne,.d MQM3.

5M6 t This PreIW, - dv Plwws Thsory hr canPumsn owmud

* 3V c of& piw uw ~ bum. andoay roqlh swim.

5M9 c Th~ prrm bs hr SWXLE awi from an Owuopic rasgb ftrfm.

530 c This pea$ram bs hr ACKSCAT1U only.

321 c hIb pagrm b for DWPUSE m"itigony

332

333 liigs e balin 0 %sscs wmdn m w dvuh

sn nmol i mdv upsmw~~i .rcmod hr.

MW cAm isaps mmi mrmliswb- bh jobrisi w msjoend isunblis
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535 c i ts ol 0he a-, - p so"e~n.

5V7 c Irsclmtr 1 11te receiver and detector ame at the same paint.

=3 c with te maw ortmefbtt at a p ain r hom the surface.

SW~ c Only dir amaering Is calculated beame. tihe wherent specular term

3So c wttorsa atrea foidrt r backaeler is dropped.

341 c

542 c Tisb program cuhate S generally non-aero Mueller Mix elements.

343 c P11.I2,21,22.33,34,43, and 44. for we with the stendard Sloiurs Vector

%44 c rubies. O es.eeight twopal,, are egenerae, Ph-Pu and PU443.

So5 cms eleoue are elcultd ont a per solid angle basis so Owl t0. alculted

345 c Mueller Mbs is almoklmly corrct to withtin a solar constant. Thi solar

347 c omnt bs Itmad uon te m of te solid angle tntercepoed by te

54o c detect or oa paslicuhr expertmentel sakap. Far tis work to be valid

sts c em detector .ms look at range of returned angles dlose enough to

So0 c pwre backater emst e baclrmitted return Is a good approximnation

351 c of te - dtre relacte mapg. Aba. te soid angle intercepted by U'.

332 c detector mst be Invariant to incident angle and wavelength.

353 c

554 c The program Om flcula d te . emtterirr Mu. S, for mse wth the

SH c moi'dStakes Vector nottln. arid thia is then transformned into the

3%5 c dsrdform.

367 c

SW cfThee-lementof S cnbe written asa product of two valuea, Q and

S69 cc a2d slop averaging Ie@. I. This is allowed by the Pull-wave

SO0 c Theory ONLY became slopes and height& ame conaidlerd uncormieled.

551 c Q is a fianction of incident angle, surface height auto<arveltion

362 c flunction. and free spew radiation wavelength. The slope Integral

553 c is funtction of Incident angle. amen squared slope, and wavelength

354 c through em surhome reletive dielectric constant.

365 c

366 c Por te assumed Isotopic surface. (), normally a 2-d Integral can

367 c be oewylte In polar amrlinats and trasformred Into a l-d Integral.

311 c Q Is maipuled by subreuttrme QCMP hr 3 differend spectral dsrrellyl

309 c sIb heigt s uba'cormehtor functions. The Inputs Ohe saiccrr

370 cl-t1cor ane wean sqred height and men squred slope. 1%* 3

371 c I -- W -- are Gaumten N-8, and N-6.

372 c

373 c Ths slope avergin InIael bm e hor all possible curbntomof

374 c slopesinthaem nrd adirections Considering venlom poisriations and

373 c phas teeioruhps. 16 wimu InsegfiIs ame possible to coomplete S.

575 cbm Sintegais ->0 beamteinive rnd is add.

577 cI aim convrg poo1 value, and another-> 0b~e the inbegrand

373 c Is ps-opo-s to ft . rrglrry pet of a reel number.

379 c This leaves 3 unque 2-d Intgras perfome by subroutire IDOOWP.

SM c11w 3 alues amulbe md cmpete S buttyarecambtw i one

31 c sip b form 0. Muellr am eleant P4.
U2 c

313 e The bilowin eso 00 WS otrs r eur

34 c QOAC. TWOCQ M5. WAA, USKI, and ESPC.

US cliew ane avallble frea 045., cretmer relations. nkirth floor.

MW c NUC SeIl 7300Dle Sonlea rd. Ilommna Texas77036-SOW.USA.

WP c Tefaplumi (713)77292 Telae: 79-1923 ibL INC HOU

= c

So c
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no c

91 c UFA11 Lis S'tu ~m veae. lee debtqgln the Piepam A and ie t

912 c wift seallethg my have Ve wrn. It sends vlue icr moang the

913 C ibedpuion eatadnee. Moed wtllesto unit 8 have been conumenied o4t but

94 c can be minabed Whould "it prom have run timve probleaw

M, C

997 SUBROUTINE RETRO(EREST, I4HMSQ SSIGS. WWLEN. ANG, AERRI. RERRI, AERR2

m *132 A CODE, PP. PI'm

Pp.999 REAL N

6w 1 IIMSQ.CILWL! CLD4SQSIGS.KO.KOSQCSTHTSNTHT.THETA,

601 3 ID0(l4).P(l6),P(4)Q),

ld 4 AlRR,RERIARJR,ER

60 C Don't tame SVIDO becomme a" a caged routine RETRO does nt matmber

404 C whet au loeat Oet cperaeters Vn"u f it ware. The maint pfoumw

w0 C doee1141.

606 C REAL sV~iDo1,i6)

407 C

to COMPLEX E32315?

-0 C

410 INTEGER FLDCODE.RCODE.PLAGIt

411 COMMONKINEMS-QCLE.CU4QWL.M.TH AnTTcsTTsiGSKo,1

612 C

613 C

614 C 7ME DESIRED PARAMETERS ARE USED TO COMPUTE THE MUELLER

415 C MATRIX ELEMENTS BY PIRST CALCULATING A SCALING 1-D INTEGRAL. Q
616 C AND THEN4 CALCULATING t4 i-C INTGRALS, MDjl. ID1, THAT ARE COMBINED IN Tml
617 C CORRECT MANNER TC GIVE THE MUELLER MATRIX ELEMENTS FOR THE

418 C STANDARD STOME VECTOR NOTATION.

619 C IN BEAU~TY POP, THIS WORK ONLY S 2-D INTEGRALS NEED BE CALCULATED BUT

63 C THE PROGRAM 5 SET UP GENERALLY.
421 C 110 400001011n length eon be calcujeged when hmaq and alps ae fixed

422 HMSQ-)OlhSQ

4Go WlUN-WWLEN

424 Pt-PPM

425 sacs-sum

424 CLESQ-4.4*MSQ~lGS

427 CLE-SQTCLENSQ)

436 C PR-I HSQSICSWLEN.ANG.RCODE.PI

429 C

630 C 32WD-C

611 Kfl-2?IWIEN

4&2 KISQ-WWOw

433 C wv%14L*.7Rehtv dielectric atreast *,ER

&" C

43A C Theatle w&Fkom anl we w hiadent ditudiatand the guenal eodw

41A C oft a m Plane int rodbe

437 THEFTA-PWANG/flU.

436 THT-CO(rHETA)

09 13fl)4-SIN(TMEA)

440 C

441 C WhOWA~h.lieg) Who Mean Sq Slope Mean Sq MV
442 C on -ANW84.SGSNMQ

443 C
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644 C

"4 C 114S SECTION COMPUTES THE SCALAR Q VALUES FOR 3 AUTOCORR FUNCTIONS

6 C 3.CODE-1 -> GAUSSIAN RCOOE-2 -> N-a RCODE-3 -> N-6 RCODE-0->

647 C YOU ARE NORMALIG TO PI I AND DO NOT NEED A Q VALUE BECAUSE Q 1 THE

648 C SAME FOR ALL MATRIX ELEIENTS.

648 C I ALL Q VALUES ARE TREATED AS 0 THEN IFLAG1-0 AND THE IDD-S DO NOT

649 C NEW TO E CALCULATED.

80 IFLAG1-0

681 rCOE.NE.0)CALL QCMP(Q(RCODE),AEtRIRElRRRCODE)

62 W(RCOOEEQ.0)Q(RCODE)-i. 4%

63 IF(Q(RCOOE).GT.0.)ILAGI -1

654 C

as C

636 C THIS SECTION COMPUTES THE 16 IDD VALUES NEEDED POR THE MUELLER M.

657 C NOTE ONLY S DISTINCT INTEGRATIONS ARE DONE. THE OTHERS ARE KNOWN POR

48 C OTHER REASONS ASSIGNED TO THE FOLLOWING CONDITIONAL ASSIGNMENTS.

659 C IF MPAGI-I THEN THERE IS A REASON TO CALCULATE THESE VALUES

460 C IF Er 1S HELD CONSTANT OVER A RANGE OF WAVELENGTHS THEN IDDS ONLY

661 C NEED TO K CALCULATED ONCE FUR EACH INCIDENT ANGLE.

42 C

663 C Set OCODE elml t am m a not fa uae SVIDD

64 DCODE-0

66s JOD-O

666 C

067 P(IPLAGI .GT.0.) THEN

66 C IF(DCOOE.NE.1.OR.IOLD.NE.1) THEN

69 DO9OIL-,16

670 IP(ILEQ.1.OEILEQ2.OR.ILEQ.4.OR.IIEQ.5.oR.LEQ.6)THEN

671 CALL IDDCMP(IDOL). A ER1,.RR2,n.EREST)

672 ELSE IP(ILEQ.3.OR.ILEQ.7) THEN

673 IDL)-ID2)

674 ELSE IP(EQ.) THEN

6 IDoIM-o.

074 ELSE MFIGEshl THEN

677 IDO(IL)-0.

673 ENDS

679 90 CONTINUE

660 C Vt Er b h mq A, thmen oav I)DO. for rem wavelengtiv

6 1 C IF(DCOOEEQ.1) THEN

662 C DO93 IL-i16

66 C SVDOXh,IL)-IDD(L

G4 C 93 CONTINUE

m6 C ENDS

6as C ELSE

667 C N Er b aeme and do IDO have ien .ved um them

GO C D092u.-1,16

60 C No(M.)-SVNoO(k,1L

600 C 92 CONT1NUE

691 C ENDIF

002 NW

c03 C

a" C

M C 11S SECTION TIllED T14E ID VALUES TO COMPUTE THE MUEUER MIX

C ELEMENTS DIVIDED BY Q
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697 C P(1)-PlIIQ P(2)-P121Q - P(5)-P21/Q . P(16)-P44/Q

M9 C MANY OF THIESE P VALUES ARE ZERO BUT THEY ARE CALCULATE) HERE POR

699 C COMPLETENESS. THEIR CALCULATION lIME 5 MENUTfE COMPARED TO THE ACTUAL

7W0 C INTECRATlON.

701 Poi)--.5(IDD()+IDD(2)+IDD(3).IDD(4))

70 M ~ SO~4IOl.O3D()

703 P)-IDD(9)

704 P(4)-.lDD(10)

705 P(5)-.P*(IDD(1)40().IDD(3$DO(4))

0-706 P(6)-.5(IDO(1DD(2)IDD(3)+ID(4))

707 P(7rID(3)

706 Pp)--lDOQ4)

L709 P9-2.IUD(1l)

710 PQO0)-21D0(15)

711 P(11)-IDD(5)#1D0(7)

712 P(12)--IDO(6)+IDD(S)

713 P(13)-2.IDD(12)

714 P(14)-2.IDD(16)

715 P(1s)-IDD(rIDD(s)

716 P(16)-IDD(5).IDD(7)

717 C

715 C The Muller mesttx .Iements am computed in this section. Only the 6

719 C independent instrix elenuente ame passed to the main pogra

?w3

721 C wt(3.201)Q(RCODE)

72 C WiTe(320D1)P1),P(2)P(6)P(11),P(12)P(16)

72 !P(RCODE.EQ.C)THEN

724 PP()-1.

725 PP(2)-P(2)

726 PP(3)-P(6)

727 PP(4)-PI(11P)

723 PP(5)-P(12Y(1)

729 PP6)-P(16)YP(l)

7i0 ELS

731 1P)-P(1QrWCOOE)

732 PP(2)-P(2)Q(CODE)

7w3 PP)-P(6rQ(CODE)

734 1"4)-V(11Q(RCOME

7w5 PP(5-P(12rQ(RCODE)

736 PP(6)-P(16rQ(RCODE

737 VE1DI

738 2301 PORMAT(6E 2.4)

739 C

740 RETURN

741 END

742 C

743 C

744 C

745 C THIS SUBROUTIN4E DRMVES QDAG TO COMPUrTE Q
746 SUDROUT11NE QCMP(QAERR.RERR.RCOD)E)

747 REAL VX.VY,VXCZVYSOH.UPLIM.QPUIME.SETARC,ARG.ARCI.

743 1 UPI3,40.UPILi41.SEMPR

749 REAL HMS(LCL1J,CLESQWLN,THETASNHTCSTh1SCSK0.Pl

7M REALCONlI
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731 INTEGER IRCODE

732 EXCTERNAL ARC

73 COMMONXNMw5QCLENCLSQWLENTHETASNTHTC11 .SIS.C0.PI

734 C POR EACH VALUE OF THETA COMPUTE COMPONENTS OP VECTOR V.

733 C THEN COMBINE WITH THE MEAN SQUARE HEGHT AND SAVE IN ARC

736 C WRITE(S.7NTI4TCS7TSNTHfT CSTHT

737 VX--2.*ICOSNTHT

736 C VZ-O.

799 VY-2?1CSTHT

760 VXZ-ADS(VX)

761 VSQH-VY*WYIHMQ
762 SETARG-ARGI(VXZ.VYSQH)

763 UPLR&4D-SETUPR(RCODE)

764 SETARC-GOJITI(0)

765 C COMPUTE THE UPPERIJMIT ON THE INTEGRATION BY ASSUMING THE NTGRAND

766 C DIES AWAY WITHIN UfLIMO CORRELATION LENGTHS.

767 UPUIM-UPUIMD*CLEN

7(a UPUJMI-UPUIMflO.

769 100 CONTINUE

770 C COMPUTE THE DOUBLE INTEGRAL WHERE ONE HALF -> 2PI

M7 C THIS CAN BE DONE BY SWITCHING TO POLAR COORDINATES

772 C IF NO InERGRAND 5 POUND THEN REDUCE INTEGRATION LIMTS TO FIND IT

773 CALL QDAG(ARG,O.,UPUM,AERR .RERR.1,QPRIME.ERRES1

174 QFRJME-QPRIME?PI

77 IP(QPRIMEItIMIS4.AND.UPUIM.CT.UPuIM1) THEN

776 UPIM-UPUMO0.7

777 GOTO 100

775 ENDIF

779 C

730 C IF QFRIME > 0. THEN COMPUTE THE TOTALQ

751 C IF QPRIME STILL EQUALS ZERO THEN INDICATE BY -.98

782 C IF QPRIME WAS LESS THAN ZERO INDICATE BY -999.

733 IF (QPRIM(E GT.0.)THEN

784 Q-(CKOdPI)QPRIME

73 ELSE IPI(QPRIME.EQ.0.)TEN

786 Q-m-6

757 ELSE IF(QPRIME.LT.0.)THEN

730 Q-499.
739 ENDIP

790 C WRnlE$,7YQ-',Q,' ACCESSEEYGC~JT(0.)

79 RETIUN

79 END

79 C

796 C

796 C

796 C THIS FUNCTION COMPUTES THE INTEGRAND OF Q FOR DCADRE. 4
79? C THIS FUNCTION HAS)3 ENTRY POINTS

no3 C 010 COMPUTE BESSE FUNCTION I SUB 0

799 FUNCTION ARG(RD)

02 REAL 010.RRSURP,CHU.CHI.QSUORDVXZVYSQH

101 REAL COUNT.DIJMMY

02 INTEGE RCOOR.DRCOOE

so SAVE

an6 COUNT-COUNT..
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W5 ?SU-SP(o~RD)

806 CHD-DCP(RRSURP(RD)-..VYSQ"I

807 ARC-J5UW(CHD4clISQy.W

= C ARG-1.

809 RETURN

610 C

811 C
812 C 1145 SECOND ENTRY POINT SAVES SOME CONSTANTS FOR A GIVEN V4TEGRATION

813 C THESE VALUES ARE ONLY FUNCTIONS OF THE SURFACE PARAMETERS NOT OF RD

614 ENTRY ARGI(DVX7,DVYSQH)

815s VU-DVXZ

816 VYSQH-DVYSQH

817 CTISQ-EXP(.VYSQH)

gig ARCI-1IG

819 RETURN

am C

821 C

822 C THIS ENTRY RETURNS THE NUMBER OP ACCESSES SINCE LAST INQUIRY

8W3 ENTRY GGo(DUMMy

824 CH-COUNT

825 COUNT-DUMMY

826 RETURN

827 END

sm c

529 C

880 C THIS FUNCTION CALCULATES THE AUTOCORRELATION FUNCTION USED TO

831 C MODEL THE RANDOMLY ROUGH SURFACE

832 C BSKI COMPUTES THE BESSEL FUNCTION K SUB 1

833 C BSIW COMPUTES THE BESSEL FUNCTION K SUB 0
534 FUNCTION RRSURF(RD)

835 REAL RD.R.RSOR4THRTH.APPA6,APPA8BSK1,B5XOTERMTERM2

8136 REAL HMSQCLENDS.WLEN,THETASNTHTCSTHT.SICSK0.I

837 W47SGE RCODEDRCODE

an COMMONAONE HMSQCL JENO WLENTHEASNTHT CSTHTSICS K0 ,I

839 IP(RD.EQ.0.) THEN

540 RRSURP-i.

"I1 RETURN

$42 IENDWP

843 IP(RCODEEQ.1) THEN

564 RRMURP-DC(4tDRDCl.ENSQ)

845 RETURN

a"6 ELSE P(RCOOE-EQ.2) THEN

847 R-RD*XAPPAS

848 RSQ-R-R

a"9 R4TH-RSQ-RS0

bb U6TrH-RSQ*R47H

851 TERMI-( 1.-3.nSQO4 +3.*UTW"3. +R6TH/307.)R'BSK1(R)

£52 IURM2-(SQW.44THM.-R6THA6.r8SKcn(R)

853 RRSURP-TERMI .1ERM2

854 RETURN

m ELSE 11"COMEEQ-3) THEN

806 R-RDPCAPPA6

w5 RSQ-R

m 24TH-Q
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5S9 TMMI -0.-34<T-H t.R-sl (R)

so ZfMt2-(RSQ2. #.R4THn6.r*9Wo(R)

861 uWAsu-iuuW TERM2

U42 REVURN

W6 EMS

564 WRInh,)1lLEGAL RCODE'

us3 STOP

a"6 ENDIP

547 I.RstJ-0.

a"e RE7URN

549 C

8a0 C

an1 ENMY SWklJDRCODE))

i72 RCODE-DECODE

573 SEflJP-1.

674 W(RtCODE.EQ.1) THEN

873 SMTPI- 3.

6 ELSE F(ICODE.EQ.2) THEN

577 KAPPAS-SMR(1 h)ICLEN

57s SMflPR-175JSQaT(1 .6)

a"9 ELSE W(RCODE.EQ.3) THEN

55 KAPPA6-ijCLEN

al1 SErUPR-175.

092 ENOIP

U3 RETURN

M9 END

853 C

Ms C
567 C

M8 C THiS SUBROUTWE DRIME TWODO TO COMPUT IDD FOR OIJDKL IN INTECRAND

859 C 7ME REAL PART 5 COMPUTED FOR CODE- I OR 2, IMACKNARY CODE- 3
890 SM5OUTUIJE IDDCMP(IDD.AERR,RflRR.LERES1)

891 MAL IDD.AERRAER.EP*EST

892 REAL MDO4NHZMWAXHXMINHXMAXHZMAXI

m9 REAL SDPQSP2.SPHXHZ.SZMNJ.5MAX

594 REAL HWCE~ M, .SyCTSSyOp

N95 REAL CONf

594 *MTE=f XCO(6).56)jsUS(),cSU(14).LSUg(6)

597 WnjIm IL

on6 COMPLEX ERESTUR

99 UMIINAL ARGIDDMNZMAX

no0 COMh4ON/ONEft4SQCID.J.CL 45Q WLNTlHTASN1CTHTC "SICS K0 PI
"0I DATA SCOOM,..l,2..2.2..2.s3.2,Y

902 DATA U..,.........21u

90 DATA JU212..2..,...~

904 DATA KSM,.X".1~j2.Z2a2.2

go8 DATA LSUWn2.L2.t22.Iaz11,wi,22

so1 C

907 Ut-(t.,0.)

go8 SMMU-SDPQIC0ME(LW5U(1I4Su3(L).MU)

I"9 I LSWLERT UL(3THWt.SN

910 SinP-S12lwIGSHmTHT.P

"I1 C WUTUIS.7PACr- 'SETU

912 SETUP-SP1DGIKUKSES)
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913 C W~nM,*DB.OM- ',SETUP

91 SETUP-GGJT*6.)

915 HZMIN-O.

916 HfldAX-S.S.QRTSIC)

917 H2Mw4X1-HZMwAX'.4

918 HXWMIN'-4iZMAX

919 HDGh4AX-IIZMAX

9W0 199 SETP-SZMIN(HMIN)

921 SET1JP-SVAAXOW4AX)

9m C

9m CALL TWOO(ARGIDD.HXMINH X AXZM),AER.RERRL1,IDDUES1

924 IDO-2.DD

9WS C

926 C W~1~.U0 .D.ACCESSE',CCNT2(.)

927 P (ID.IQ.A.AND.ZMAX.CT.HZMAAX1)THDM

9=1 IzwUt-Hzhfl.7

929 IMEAX-HDZ4AX.7

9w0 HXMIN-HXMInr.7

931 HXWAXMMAX.7

932 GoTO 19

933 EN0U

934 C

935 RETURN

936 END

937 C

9I C

939 C

940 C THESE PUNCTIONS CALCULATE THEl HZ LWITS POR 24) ONTGRATION BY TWOO

941 PUNCTION ZMWhl(X1)

942 REAL DIZMIND2ZMIN

943 SAV

944 22'AN-DIZMlN

945 RETUN

946 ENTRY SZMI(D2ZMU4)

947 Dl22dIN-D2ZMIN

948 S22w4?-1.0

949 RETURN

950 END

951 C

"Z PUNCTION ZMAX(X1)

953 REAL D125MAX.02ZMAx

954 MWV

95s ZMAX-DIZMAX

956 RETURN

95 ENTY SZMAX4D2mPAX)

93 D1DdAX-D2ZMAX

959 S224AX-1.0

960 aRETUR

961 END

9u3 C

963 C

9%4 C

963 C IM4 PUNCTION CALCULATES, THE ARGUMENT OF 3)0 POB 1WODQ

966 PUNC ION AaRGW MH4.IU
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967 REAL COUNT.DUMMy.HXZSq

W4 REAL DENQM.DS1CS.S1CS.SNThiTCSMhT,PACT

9 REAL SlCSaT.PCC0.TAN.T.COTTR.~,P2

970 REAL ElKC

971 SAVE

972 C

973 COUNT-COUNT+I.

974 I4XZSQ-IUXHX+42iZ

975 C

976 3P (HX.LT.-COTI TthEN

977 P2-0.

978 ELSE

979 P2-PACT

9w ENDIU

961 C

962 PIIXHZ-EXP(4VXZSQr4#Sy)DE.JOM

w6 C

964 ARQDO-PHXHZ*POPQMAG(HXHZ.HXZSQ

us RETURN

116 C

W6 C

9w6 ENTRY SPHXHZ(PIsICS)

"o SCS- VSIGCS

990 DENOM-PPSICS

9"1 SPHXH-DENOM

992 RETURN

99 C

994 C

995 ENTRY SP2(DSICS.Stfr csTw PI)

996 SSRT-SQRT(DSICS)

997 PIC-JSIGSRTSQRT(Pl)

996 IP(AWYONTWI).L.T.1 .E.1)THEN

999 COTT-1.E30

1low CI-0.

1001 ELSE

1002 TANT-SNTHTICSnWT

1003 COTrT-1/TANT

1006 R-COWTSICSafT

1006 P1 -ECP(.RR)

los P2-UPJC(R)

1007 0FCTANTPI-.M9

too$ ENDU

1000 PACT-iJ(1..cg)

1010 SPZ-VACT

loll RETURN

1013 C

1014 QmTY GOET2(T2mfm)

1013 CCNT2-COUNT

M01 COUJNT-DUMMY

10117 RETURN

Im C
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1Ia1 C

ion c 114 PUNCfloN CALCULATE DWICL AS PART OP MS0 INTECRANO

1023 PUNCTMOI DPQMAG(HXHZHXZSOJ

102U COMKEX UEUURWJTA3URERM, RB.WUMURRURMRX

1025 COMPLE SNINC51N.D8NDE3.CICVVCFHHB1.325354

1026 COMPLE DPQ(2,2).DERD(JR

1027 REAL HX HZ.HX(ZQSNTHT CMIT DSNTHT DCSTHT

1023 REAL CSGhG.SNO.CS0N.SN0NSNPICSPDL~SOWPCOl

102 REAL CSLSNSISNSIP

1030 ?JTE C OVECODE..SU.SUJSUU.KSUB.KMsULSUBUUU

1021 SAVE

1032 C

1023 CSG-AQRT1.*HXnQ

1024 rNG-s2RTFCSQ

1025 SNG.CSCvflJC

1026 W(TNG.LT.1.E-) THN

1037 CSQN-S14T

1026 SNN-STH

1029 ELSE

10ow CSMD-4IMflNG

1041 SNMPD- HZOTNC

1042 CSN-CSO'STHT-NGSN7H7CSPD

1043 SN0N-SQftTC1..CS0N*0N)

1044 ENDU

1045 C

1046 IP(AN(CSON).LT.."J THEN

1067 DPOMAC-0.

1048 RETURN

1049 ENOPF

1020 C

1061 SlJIN-SN'ONIR

1052 CS1N-CSQRT(1 .-WNNIN)

10ow D22-~C31wrMNrAR

1064 DE43-00N+CSNTAR

1os5 S4r-SNON*SNON

1066 C0-SO

1067 cir-CsiWcsiN

106 CV-C((WCW40PTO~ERMRURM),(DENrDEN42)

low CPHCW(W W~URRRYD~DM

1040 C

1061 11101C.LT.1.E-5)TH1El

1IO2 DPQ(1.1)-CPVV

1063 DPW2Q-

1064 DQP.1)-0-

103 DPQPM2-CHH

w"s ELSE

M7~ cs-CCS~fw~47TCMY
Im W-4NG9SN0NN

no SNUP-4N53

14" mI-cFvwasa

mi 12-4WflUM

W02 Un-CPVVIEUN

32 *-OPHf*I

374 09Q(,W)CSS"4rWM
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1073 DP (1 2)-CSSr3.SW$P-54

1076 DPQ(2.1)-SNWI+ SSPu

1077 DPQ(22)-S4IP3.csg.4

1071 ENW

1079 C

1010 MNICOC)LEQ.1) 1HEN

1061 OPQMAr.-(CAW5(OK5,jsuyCSCr-2

1012 ELSE W(ICOOE.EQ.) THENJ

1013 VQMAG-9EALDPQ(MU.SUS.CONG(DPQ(IXSUBLSUDyISG

1014 ELSE

101 t)MGAAGtPPB;UCNGDQ*BLU)Y43

1014 INDW

1097 RETUIN

101 C

1019 C

1010 EMlY SDPUCOUISU.JSSUBUMBSUBD DUIL

1091 1 D(31Wr.DSN111)

101 k-ODE-UCODE

1013 Isu3-IrUU

to" mU-JJsus

101 Y"U-KUB

1096 LSUD-LLSU3

1097 C~nT-CSl~h

low1 SNTHTf-DS1T

1019 El-DEft

1100 Ult-DUR

1101 3M-CSQAT(E-R.j)

1102 lErAR-CSQRTWUuiu)

1103 ERM-1.4EU

1106 URMR-ERMWEXM

1106 URM-I-MU

1107 UUMU-I.-1AJU

1101 URMU-UURhIR3

1101 SDPQ-1.0

1110 R~nJiN

1112 C---ED OF RErM t0

1113 C

1114 C

1113 C -SUUROUTIE T25TA I

1114 C ThbOb0 1 W eamPams i baskc GOia used In the saly.I~

1117 C Peq am Woqumao on ow uw mnl fqwatog (1X3)

1119 SUMOUMT 1TAT4WAATLC.MAXDWPMAXPRADAX,

113 nNAX.RADMJ.RLOGWT.793

1121 DRdDMUMO DWP*).UAnOG*).Wr~e).p99(6)

1122 RAD-O.

1123 RADMAX-0.

1124 SADRAT-0.

113 OWMAX-0.

Ilia D03.iOL-IA

IU7 PAVRJpCUTA6 PW(14INi

113 vW(L4-wra466(1
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1131 amS

IN3 MAMO)-O.

1129 &D( )-O.

11I IM AD-UAD+DWP(LrOWP(L)

1139 3ADAT-RAMT+PRA)OG(L)AIW (L)

1w V(AWXAT G(L)).GT.A6(UADMwAX))114EN

1141 RADMAX-RATLOG(L)

1142 IMMAX-L

1141 ENM

1144 W(AIS(DWP(LD.GT.AUS(IPFMAX))THEN

1145 DWPMAX-DP(L

1146 LMAX-L

1147 EIJDU

1143 330 COPET1UE

1149 ILADIU5-SORT(IUAD)

113 RLWC-SRT(RADRAT)

1151 C WRITEAO)RADMAX

1132 MO PORMATCRADMbAr.014)

1133 RETURN

1154 END

1153 C

1136 C-S OUTINE SORTNK-

1137 C

113 C The outim ft~ through the

1159 c ansy wwstt the twngbmry part of ft index and finds all nmuttm and

1140 C mbkou. I te, to n hIto I ~w which tm ame I=[a extftfi and

1141 C .e'eefl p04b *Mum uw -ewbw wahag, thn fth progrm wil toes the

1162 C extma 'shag at the two *edonot of th Ineraml. and ft is Wqtl"d

C, -a o IOut kb m.r VAs ~ ot untmml. Mwe army on "dn

1163 C Owe momid vahee (inxknu) ANKMAX is rearranged In the lat stion

1164 Cc* of teuhw so dot Ittenate am, in ordsr of deceun W k rathe

1145 C Sun it onler of intcr'eaing wavoiength.

11"4 C

1147 SU0(J1143 SOR1NK14M.NMAX.WLNMrW.N4T.ANKM4,ANOdAX.PTM

114a NlCWU4)

Il11@ COMON~kWOAVL&MUIW AX

1170 REAL WLM4fWNX4)AIAN(0 MX4)WNO KU

1171 bn1IG NMIN.NMAX

1172 C To awvoi Iolin at wawsientu eumid of Owe tang. de&ew by WAX

1173 C ad WIAM. Wn owe idt wae in glt in WLN ane oabid of the range

1174 C and I Ijut, coneepondl entries in NIL

117! C P3*? -,WL&M,WLMAX

1173 6 M-

1177 AtdKMAX-0.

1179 NLS-1

1179 wim03-I

IMr DomIL-.NPM

1191 P(WU4LT.WLM14w4L536S-NLMS#1
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11142 W(WJ-).TWLMAX)NMOREBNM0U+1I

1183 777 CONTINUE

11U4 C WNITE0A222WNLEs.NMORE

1143812n2 POSATMNESS. NMOtE'21)

1186 NMW1-0

1167 NMAX-O

Ils WQ.JCQLESS).CT.NKI.JLESS+I))MhEN.

119 NMAX-NMAX~i

1190 WLNMXCNMAX)-WLJtJLESS)

1191 ANIKdAX(NMAX)-NKCNLSS)

1192 amE

1193 NMIN-NIN~+1
1194 WINMIN"WWLNQ1M))

11W6 ENDIP

1197 M-NLESS.1

1198 C WUrE(S.)NM0RE.N11S

119" 99D0 301 I-M9NPIS.NMORE

1201 NMAX-NMAX,1

1la2 WUNMXC.IMAX)-W l)

13 ANI0AXNMAX)-NKJ)

1204 EMs PNKG.LT.NKG-1).AN0.N1(G.LT.NKOI)) .JE

138 NMI-NM?4+t

136 WUNM4N0&)-W24Q)

1W0 ANM4(MI)-WoQ

I= C

132 C CmrFul about drawing a Mat, conduaion if two neighboing *ntfies in

1210 C th. daes Mie aint "il.

1211 C

1212 UNI 3G" G.rTNKO-1).AND.N1([).EQNKO f))TH0EJ
1213 NMAX-NMAX,1

1214 WLNMXO(JMAX)-WLNO)

1213 ANKMAXWMAX)-NKcQ)

1216 0-1

1217 MM-i

1211 DO 302 MMM-.1.NTS-

1219 MM-MM*1

1220 §VkWM.rGT.N#AMM )E
1221 NbgAX-NMAX.1

1222 W1NMX(NMAX)-WLN~(MMhq

1223 ANWJWAXO4MAX)-NK(MMM4)

1224 COTO203

1236 WVJ1C4MMM)4LT.NXMM(.1)WMAX-N.MAX1

1Wv 1F44M~bLT.NKqMMS+ 1))GO TO 303

123 302 CONTIUE

1220 VIAt P@V4KG)LT.NKa.).AN4D.NMiEQ.NWO41))Th9I

1I= NM-m441~

1231 WLNMW*^M4)-WU4G)

1an A? MA*)-NMQ

12" MM-1

138 DO M MbRM-J*.4713
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1236 UM-MM+1

1W7 WIMMU).LT.NK(iMM.1))7HDEj

1236 NMIN-NMIN,1

1239 W L?~N*MLMM

1240 ANMUVAI-N(M W

1241 GOTO303

1242 ENDIP

12112 WK1MM4M).GTNK(MMM1))NMIJ-NMN-1

12" WQd(KM .CTX(MM+))GO TO 303

1245 30 CONTINUE

1246 ENDIP

1247 301 CONTINUE

124S Wg~dK4NPINMOE1).CTNQ"PSNMORE)Yfl4EN

1249 NMAX-Nh4AX+1

1250 WUlWCNMAX)-VWU4(NP'S.MORE+I)

1251 ANOAwAX(NMAX)-NKQCJPTS-NMORE41)

1252 ELSE

1253 NMItl-NMN+1

1254 W1J4M?4i'OdN)-WLN(NP1S.NMO4E#1)

1255 ANXINJMN)-NYNISNMOE+1)

1256 RNDU

1257 GOTO304

1256 303 M-fl.MM

12" COTO"9

1260 C

1261 C 11earrange the elemtent In WLNMAX so that they are in decreasing order

1262 C rather than in order of ie hing wavelength. Nf a case ommr where

1263 C two elemtents of WINMWAX are equal, handle it by metn the one with the

1264 C largeat suiraalpt equal to zero.

1265 C

1266 304 DO 321 I-1,MAX-1

1267 LAST-NMAX4

1266 DO 321 K-1,LAST

1269 r(ANKMA"X(KEQ.AKAX(K1))ANIKMAXg.1I)-0.

1270 (ANK4AX(K).LT.ANKMAX(K.1))THEN

1271 194V-ANOi4AX(K0

127 TAWL-WU4MdX(

127 ANKMAX(K)-ANXMAX(1C.1)

1274 WLNMX(K)-WLNM(I)

1275 ANKMAX(KI)I~DP

1276 WINWXC+1)-EWPWL

1277 EDM

4,.1276 321 CONTINJUE

1279 aUUN

120 END

1 1311 C
130 C~wAUOrYh4K SAV-

1213 C nh smulina-tlaa whthwr ornotsthe datacmpuad by RETRO i m

1304 C melIE hem the asoin 0 Wthe hat "pcfe by NCI tdon the currently

1265 C ais imafi at of data. Since dmcrancles &rime between the 2 hem.

INSt C peehibow by ISTA1. the variable NCRff detearme w~c hNo is ued in

1W C dahm kkwbng

10 C

13" SUIOU~TIE SAVE04CRITTIMRAOXtDMX0 14WMXtW1RDMX.4RDMX
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129 *jWISET.RADJS.RLOG)

1291 C WtrM@Mas)DMU DI~s.3.

129 IN FOBMAT(WOM SAVI,21,2E12.4)

129 IJISET-

1294 WMADMU.GET25TMX)THEN

129 T25ThiX-RADMU

1296 DMX-D3

129 UMI-14

129 IP(CRlT.EQ.1)JWLSEI'-2

1299 WDW

1300 WPG.GRADMXMQhN

1300 RADM-RLOG

130 DRDMX-D

130 HI4RDM-I

130 IWCRfr.EQ.O)JW1M-2

1302 INDI

1130% RETMR

130 END

lXIS C

130 C-SURoI.TNE WIANCSE1-

1310 C

1311 C This routine chacal(fMulleratike, have been compuated for the point

1312 C at wavelength W and Incident angle ANC(K.I4SET). It Muller matncaa have

1313 C already been calculated We this point then the program will not recomlpute

1314 C the CAWC-2). Itheprogram ha.yett owmpuis Mullet mati for"ti

1315 C wavelength and incidef angle, twill (INCA.C- 1).

1316 C

1317 SUESOUEINE WLANGSET(W.MWNWNWLNWLN..,I3SEJ4SET.NCALC

1316 *D.14)

1319 REAL WIMWLN(100),WLN(100.100)

1330 NCALC-2

1321 KKK-I4SET+X

1322 C IF -0 then aom Incidlent angles have already been computed for

1323 C this wavelength. II is he toe necessary to determine if ANC41C.I4SET)

1334 C has been wd at this wavelength. Thew wavelengths and tnctdent angle.

1325 C at wtlwct Mullet martens for th' wavelengths have been calculated

1336 C ane aNo tn WLS so if WLN(..) tamem then tOat Muller mati. has

132 C not yet been composed.

13= FIJ.!M0)TEN

1329 IP(WLN(135EKKKQ.LT.1 .E-M)THEN

1330 WUhl(DSEKXJC-W

1331 0-3SET

1332 14-11=

1333 NCALC-I

1334 RETURN

1335 EMt

1336 RETUR

133 ENWr

133 ESE

1339 C i NE LOwhn than is a thuee that thta wavelength has not been used

1340 C at at in --!Ad cm thee, is "a dft*n that the maw Mullef instin will

1341 C be ammp.ud ot ma any ecidet veangle Is oAk

1342 DOWL-1,MWLN

1343 X-WWINWLN(L)
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1)44 W(AUSMLT.1 .EosymmE

1343 W(WU4(amac)~..& THEN

1340 WU(XKI-W

1347 D-L

1343 kKKK

1349 NCALC-1

130 RETURN

1351 ELSE

1352 RETURN

1383 DIDW

1354 WFDI

1358 99CONTIUE

358 INDW
357 CVN thsine hk as been reacle thene the wavelength W has 6eo1 be

133 C sed.

139 MrWL?-MWIN+1

1360 WLNWLN(MWLN)-W

1361 WLN(MtW12L.KK3Q-W

1362 a-MWLN

1353 14-KKK

1364 NCALC-1

1345 RETURN

1344 EDD

1367 C

1343 V-UBOU1NE bI1ELE

1309 C

1370 C This vmudew soft the anray toeebimuig the toemw in the diecrimination

1371 C eu of TZSTAT In onder of Wp fe a k nalest. The purpoea of ti is

1372 C ID tal you whichs flutrim elermenta are most useful at a pericular

1373 C angle of incidence and wavelength.

1374 C

1375 SUBROUTINE AMTXlELEo(Y,.N~)

1374 M E If ItftM46)

1377 REAL X(4)Y(6)

1373 DATA KK/1.2A34.SAI

1379 Y-K

1333 K-iXE

1331 C mrrflMg3Y

1332 C W9ITfOAU3)X

133 SIM2 FORMAT(6112.4)

1334 00100DM_",

13s3D 0 o L-1.M

1333 IP(A§(Y(L)).LELA3S((L+1)))THEN

1W T-Y(tJ

1303 Y(L-Y(L+t)

p 1339 Y(L+1)-T

1390 TT-4

1391 X44-K4L*I)

1332 V41)-T

1393 SNOW

1334 10 CONTNUE

1332 N-

1on DO0l01J-_IA

1397 ~Vg).NL0IWN 1
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1396 101 CONTINUE

139 RETURN

1400 EDO

1401 C

1402 C --- WB0UTINE SETHE1AL

1403 C

1404 C rise routine deantmlns which angles of ,ncilence and wavengths
140 C the program tue to ompuw and analyze Mtuellermalzicea in an

1406 C orderly fashion so hey can be written In a form that

1407 C DSSPIAY can mad and plot dwmn.

1404 C

1400 SUuaOU71NE SEfI*T4ANCWLNWIN.SErkSE7I)

1410 DIMENSION ANG(100,WL.NWI.N(10)9

1411 CO#A'MON/IWOAwVUAt.JWLMAX

1412 A-ANG(IMr

1413 F(ALT2.)ThI

1414 DO 666 1-1,11

1415 ANG(1-4.(1.1)

1416 666 CONTYNUE

1417 ELSE IP(A.GT.68.)THaEJ

1416 DO 667 1- 1,11

1419 ANG(I)-48.4.(-1)

1420 667 CONTINUE

1421 ELSE

1422 DO 671 1--S,5

1423 ANGMI-A.4.-l

1424 671 CONTINUE

1423 ENDWP

1424 W-W1J4N(1SE1)

1427 IP(W..25.LE.WLMIN)114El

1428 X-W-WLMIN

1429 M-IF1x(Xo8)

1430 DO 468 I-4.E10

1431 WLNWiLN(IM+1)-W..S

1432 666 CON4TINUE

1433 ELSE II'((W..25) CT.W1MAX)IEN

1434 X-WINMAX.W

1435 hE-WD(X.0s)

1436 DO 669 I-4w1..M+io

1437 W1J.IWL1~(2444-.05'l

1436 669 CONTINUE

1439 ELSE

1440 DO 670 --5,5

1441 WLNWLN(14)-W#.05fl

144 670 CONTINUE

1443 E?4DW

1444 RETURN

1443 END
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AVI.2.6 SAMPLE CALCULATIONS: INPUT AND OUTPUT DATA OUTPUT FILES.

AVI.2.6.1 Input File DATAIN2."

I compos.nk
2 sf96.nk

3 decide2.out
4 dedde2.comm2
5 compos
6 sf96
7 20..5
8 20..5
9 110.8.

10 9.0 12.5.05
11 1
12 1
13 .00000001 .0000001
14 .0001 .005
15 700
16 0
17 dic.d
18 cdi.d
19 acdi.d

AVI.2.6.2 Output File dic.d."

I sf96
2 0001
3 0001
4 0011
5 0011

6 0.2000E+02
7 0.5000E+00
8 0.1195E+02 0.1200E+02 0.1205E+02 0.1210E+02 0.1215E+02
9 0.1220E+02 0.1225E+02 0.1230E+02 0.1235E+02 0.1240E+02

10 0.1245E+02
11 0.0000E+00 0.4000E+01 0.8000E+01 0.1200E+02 0.1600E+02
12 0.2000E+02 0.2400E+02 0.2800E+02 0.3200E+02 0.3600E+02
13 0.4000E+02
14 0.1000E+01 0.1000E+01 0.1000E+01
15 0.5562E-01 -0.2157E-13 0.5521E-01 -0.5480E-01 0.1661E-11 -0.5521E-01
16 0.1000E+01 0.1000E+01 0.1000E+01

17 0.5552E-01 0.8135E-04 0.5510E-01 -0.5467E-01 -0.6637E-04 -0.5510E-01
18 0.1000E+01 0.1000E+01 0.1000E+01
19 0.5519E-01 0.3183E-03 0.5473E-01 -0.5427E-01 -0.2597E-03 -0.5473E-01
20 0.1000E+01 0.1000E+01 0.1000E+01
21 0.5451E-01 0.6884E-03 0.5399E-01 -0.5348E-01 -0.5617E-03 -0.5399E-01
22 0.1000E+01 0.2000E+01 0.1000E+01
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249 0.5398E+00 0.6587E-01 0.4800E+00 -0.4222E+00 -0.3128E-01 -0.4820E+00

250 0.1000E+01 0.I000E+01 0.I000E+01

251 0.4630E+00 0.6710E-01 0.4059E+00 -0.3522E+00 -0.3167E-01 -0.4092E+00

252 0.1000E+01 0.1000E+01 0.1000E+01

253 0.3753E+00 0.6222E-01 0.3245E+00 -0.2781E+00 -0.2926E-01 -0.3289E+00

254 0.1000E+01 0.1000E+01 0.1000E+01

255 0.2836E+00 0.5238E-01 0.2418E+00 -0.2051E+00 -0.2460E-01 -0.2468E+00 )

AVI.2.6.3 Output File "cdi.d."

1 compos
2 0001

3 0001

4 0011
5 0011

6 0.2000E+02

7 0.5000E+00

8 0.1195E+02 0.1200E+02 0.1205E+02 0.1210E+02 0.1215E+02
9 0.1220E+02 0.1225E+02 0.1230E+02 0.1235E+02 0.1240E+02

10 0.1245E+02

11 0.0000E+00 0.4000E+01 0.8000E+01 0.1200E+02 0.1600E+02
12 0.2000E+02 0.2400E+02 0.2800E+02 0.3200E+02 0.3600E+02

13 0.4000E+02
14 0.1000E+01 0.1000E+01 0.1000E+01

15 0.2454E+00 -0.1181E-11 0.2394E+00 -0.2335E+00 -0.2653E-10 -0.2394E+00

16 0.1000E+01 0.1000E+01 0.1000E+01

17 0.2447E+00 0.71SOE-03 0.2386E+00 -0.2325E+00 -0.7195E-04 -0.2386E+00

18 0.1000E 01 0.1000E+01 0.1000E+01

19 0.2426E+00 0.2798E-02 0.2360E+00 -0.2295E+00 -0.2800E-03 -0.2360E+00

20 0.1000E+01 0.1000E+01 0.1000E+01

21 0.2385E+00 0.6014E-02 0.2313E+00 -0.2241E+00 -0.6000E-03 -0.2313E+00
22 0.1000E+01 0.1000E+01 0.1000E+01

249 0.1381E+00 0.1315E-01 0.1323E+00 -0.1265E+00 -0.3216E-02 -0.1323E+00

250 0.1000E+01 0.1000E+01 0.1000E+01

251 0.1190E+00 0.1346E-01 0.1133E+00 -0.1078E+00 -0.3279E-02 -0.1135E+00
252 0.1000E+01 0.1000E+01 0.1000E+01

253 0.9686E-01 0.1250E-01 0.9171E-01 -0.8690E-01 -0.3039E-02 -0.9204E-01

254 0.1000E+01 0.1000E+01 0.1000E+01

255 0.7345E-01 0.1052E-01 0.6916E-01 -0.6530E-01 -0.2552E-02 -0.6958E-01

AVI.2.6.4 Output File ai.d."
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I compos
2 0001

3 0001
4 0011
5 0011
6 0.2000E+02
7 0.500E+00
8 0.1195E+02 0.1200E+02 0.1205E+02 0.1210E+02 0.1215E+02
9 0.1220E+02 0.1225E+02 0.1230E+02 0.1235E+02 0.1240E+02

10 0.1245E+02

11 0.0000E+00 0.4000E+01 0.8000E+01 0.1200E+02 0.1600E+02
12 0.2000E+02 0.2400E+02 0.2800E+02 0.3200E+02 0.3600E+02
13 0.4000E+02

14 0.1000E+01 0.1000E+01 0.1000E+01
15 O.OOOOE+00 0.OOOOE+00 0.OOOOE+00 0.OoooE+00 0.OO0E+00 0.O000E+00
16 0.1000E+01 0.1000E+01 0.1000E+01
17 O.OOOOE+00 0.O000E+00 0.OOOOE+00 0.O00E+00 0.OOOOE+00 0.OOOOE+00
18 0.10OE+01 0.1000E+01 0.1000E+01
19 O.OOOOE+00 0.OOOOE+00 0.0000E+00 0.00OE+00 0.OOOOE+00 0.0000E+00
20 0.1000E+01 0.1000E+01 0.1000E+01
21 O.OOOOE+00 0.OOOOE+00 0.OOOOE+00 0.OOOOE+00 0.0000E+00 0.OOOOE+00
22 0.1000E+01 0.1000E+01 0.IO00E+01

249 0.7040E+00 0.4320E+01 0.4018E+00-0.2798E+01 0.4018E+00 0.1472E+01
250 0.1000E+01 0.1000E+01 0.1000E+01
251 0.5957E+00 0.4291E+01 0.3440E+00-0.2786E+01 0.3440E+00 0.1466E+01
252 0.1000E+01 0.I000E+01 0.1000E+01
253 0.4771E+00 0.4270E+01 0.2785E+00-0.2781E+01 0.2785E+00 0.1461E+01
254 0.1000E+01 0.1000E+01 0.1000E+01

255 0.3566E+00 0.4256E+01 0.2101E+00-0.2782E+01 0.2101E+00 0.1456E+01

AVI.2.6.5 Output File "decide2.comm2."

PROGRAM STOPPED BECAUSE NO IMPROVEMENT IN THE
RESULTS OF ROUTINE T2STAT HAS BEEN DETECTED

AVI.2.6.6 Output File "decide2.out."

I ampos sf96

2 20.0, 0.5
3 20.0, 0.5

4 0.9000E+01 0.1250E+02 0.5000E-01
5 0.0000E+00 0.8000E+01 0.1600E+02 0.2400E.902 0.3200E+02
6 0.4000E+02 0.4800E+02 0.5600E+02 0.64009+02 0.7200E+02
7 0.8000E+02
8 CODE FOR AUTO-CORR FUNCTIONS AND NORMALIZATION I I
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9 NCRITO0
10 WAVELENGTH- 0.961539E+01 INCIDENT ANGLE- 0.000000E+00
11 5
12 5
13 0.5633E-09 0.1773E+02 0005 -0.5633E-09 0005 -0.1773E+02

130 WAVELENGTH. 0.124533E+02 INCIDENT ANGLE- 0.64000013+02
131 5 21 63 4
132 1 63 42 5
133 0.4224E-02 0.4238E+01 0001 0.2582E-02 0005 -0.2845E+01
134 WAVELENGTH- 0.124533E+02 INCIDENT ANGLE- 0.720000E+02
135 5 2 1 6 3 4
136 1 63 42 5
137 0.1444E-03 0.4220E+01 0001 0.8904E-04 0005 -0.2852E+01
138 WAVELENGTH. 0.124533E+02 INCIDENT ANGLE- 0.80000013+02
139 5 21 63 4
140 1 63 4 25
141 0.6171E-06 0.4182E+01 0001 0.3839E-06 0005 -0.2841E+01
142 WAVELENGTH- 0.956539E+01 INCIDENT ANGLE* 0.OOOOOOE+00
143 5
144 5
145 0.1975E-09 0.1138E+02 0005 -0.1975E-09 0005 -0.1138E+02
146 WAVELENGTH- 0.956539E+01 INCIDENT ANGLEP 0.800000E+01
147
148
149 0.OOOOE+00 0.OOOOE3+00 0005 0.0OOO13+00 0005 0.OOOOE+00
150 WAVELENGTH- 0.966539E+01 INCIDENT ANGLEs 0.OOOOOE+00
151 5
152 5
1B3 0.656SE-09 0.135E+02 0005 -0.656SE.09 0005 -0.1835E+02
154 WAVELENGTH- 0.966539E+01 INCIDENT ANGLE- 0.800000E+01
155
156
157 0.OOOOE.00 0.OOOOE+O0 0005 0.0000E.00 0005 0.OOOOE+00
156 WAVELENGTH. 0.971539E+01 INCIDENT ANGLE- 0.OOOOOOE+00
159 5
160 5
16! 0.8643E-09 0.1759E+02 0005 -0.S64E-09 0005 -0.1759E+02
162 WAVELENGTH- 0.971539E+01 INCIDENT ANGLE. 0.S00000E+01
163
16M

165 0.OOOOEe00 0.OOOOE.00 0005 0.OOOOE+oo 0005 0.OOOOE+00
166 THE MOST PROMISING WAVELENGTH AND ANGLE PAIR IS 0.9665E+01 0.OOOOEi00
167 0.956539E+01 0.OOOOOOE+00
166 0.2823E+00 -0.2309E-11 0.2741E+00 -0.2658E+00 -0.1959E-09 -0.2741E+00
169 0.1944E+01 0.1177E.06 0.1743E+01 -0.1543E.01 0.1537E-11 -0.1743E+01
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270 0.1266E+00 0.2852E-01 0.1050E+00 -0.8727E-01 -0.1246E-01 -0.1089E+00
271 0.3218E-01 O.542E-02 0.2998E-01 -0.2813E-01 -0.1361E-02 -0.3034E-01
272 0.1246&SE+02 0.560000E+02
273 0.319SE-01 0.9327E-02 0.2593E-01 -0.2120E-01 -0.3660E-02 -0.2725E-01
274 0.8155E-02 0.1569E-02 0.7530E-02 -0.7033E-02 -0.394E-03 -0.7659E-02
275 0.124688E+02 0.640000E+02

(I'276 0.3662E-02 0.1095E-02 O.29IIE-02 -0.23339-02 -0.4840E-03 -0.3083E-02
277 0.9366E-03 0.2051E-03 0.8583E-03 -0.7973E-03 -0.5162E-04 -0.8757E-03
278 0.124688E+02 0.720000E+02
279 0.1272E-03 0.436SE-04 0.9951E-04 .0.7751E-04 -0.1933E-04 -0.1052E-03
280 0.3265E-04 0.8256E-05 0.2973E-04 -0.2740E-04 -0.2055E-05 -0.3033E-04
281 0.124688E+02 0.800000E+02
282 0.5544E-06 O.217SE-06 O.4282E-06 -0.3204E-06 -0.9612E-07 -0.4466E-06
283 0.1429E-06 0.4078E-07 0.1294E-06 -0.1180E-06 -0.1027E-07 -0.1315E-06
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